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Designed  to  provide  students  with  the  basic  skills 
for  an  cccupation  in  air  conditioning  and  refrigeration,  this 
curriculuB  guide  includes  seven  la jo^  areas,  each  consisting  of  one 
or  lore  units  of  instruction.  These  areas  and  their  respective  units 
are  titled  as  follows:  Orientation  (history  and  deveiopaent,  and  job 
opportunities).  Safety  (general  safety  and.  specif ic  safety) ,  Tools 
(hand  tools,  special  tocls,  and  measuring).  Tubing  and  Pipe  (tubing, 
tubing  operations,  and  pipe) ^  soldering  and  Welding  (scldering  and 
welding  equipaent,  soft  soldering,  silver  brazing,  aluwinue 
soldering,  oxyacetylene  cutting — welding — brazing,  and  electric 
welding)  ,  Basic  Compression  Refrigeration  (basic  wechanical  , 
refrigeration,  refrigerant  systei  accessories,  refrigerants,  and 
evacuation) ,  and  Sealed  Systems  Servicing   (pressurizing  and  leak 
testing  and  charging).  E€[ch  unit  within  the  wajcr  areas  includes  soae 
or  all  of  the  following  basic  coaponents:  perfcr«ance  objectives, 
suggested  activities  for  teacher  and  students,  infornation  sheets 
(providing  content  essential  for  leeting  the  cognitive  objectives  of 
the  unit) ,  assignnent  sheets,  jot  sheets  (giving  direction  to  the 
skill  being  taught  and  allowing  both  student  and  teacher  to  check 
student  progress  toward  the  accoBplishnent  of  the  skill),  v,isual 
aids,  t%^sts,  and  answers  to  the  tests.  Units  are  planned  for  "ore 
than  one  lesson  or  class  period.  Full-page  illustrations  and  Qiagrais 
are  presented  thr9ugbout  the  guide.  (SU) 
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FOREWORD' 

The  Mid-Amenca  Vocational  Curnculum  Consortium  (MAVCC)  is  an  organization 
which  consists  of  twelve  states  striving  to  develop  needed  instructional  materials.  As 
member  states,  Arizona,  New  Mexico,  Colorado,  Louisiana,  Missouri,  Arkansas,  Texas, 
Oktahoma,  Kansas,  (Nebraska,  South  Dakota  and  North  Dakota  selected  Air  Conditioning 
and  Refrigeration  as  one  of  the  early  priorities. 

The  success  of  this  publication  is  due,  in  large  part,  to  the  capabilities  of  the  personnel 
who  v\/Orked  with  its  development.  Gary  Wantiez,  the  technical  writer,  has  numerous  years 
of  industry  as  wett  as  teaching  experience.  Joining  him  were  representatives  of  each  of 
the  states,  all  of  whom  having  experiences  in  education  and  the  trade.  And,  to  be  sure 
all  of  the  materials  »;vere  technically  accurate,  many  organizations  were  involved.  Special 
appreciation  is  extended  to  the  National  Environmental  Systems  Contractors  Association 
(NESCA),  Assor^ated  Builders  and  Contractors  (ABC),  Refrigeration  Service  Engineers 
Society  (RSES),  and  The  Coleman  Company. 

This  publication  is  designed  to  assist  teachers  in  improving  instruction.  As  this 
publication  and  the  three  other  volumes  are  used,  it  is  hoped  that  student  performance 
will  improve  and  that  students  will  be  better  able  to  assume  a  role  in  an  Air-Conditionmg 
and  Refrigeration  occupation. 

Instructional  material  in  this  publication  is  written  in  terms  of  student  performance 
using  measureable  objectives.  This  is  an  innovative  approach  to  teaching  that  accents  and 
augments  the  teaching-learning  process.  Criterion  referenced  evaluation  instruments  are 
.provided  for  a  uniform  measurement  of  student  progress.  In  addition  to  evaluating  recall 
information,  teachers  are  encouraged  to  evaluate  the  other  areas  including  process  and 
product    .  indicated  at  the  end  of  each  instructional  unit. 

It  IS  our  belief  that  the  teaching  of  this  area  should  become  more  effective  with 
its  use 


Amon  Herd,  Chairman 
Board  of  Directors 
Mid'Amenca  Vocational 

Curnculum  Consortium 


PREFACE 


The  importance  of  providing  every  student  who  Ts  enrolled  in  an  Air-Conditioning 
and  Refrigeration  tra..iing  ptogrann  with  the  very  best  and  nnost  connplete  basic  training 
possible  cannot  be  over  enriphasized.  This  first  publication  of  the  Air-Conditioning  and 
Refrigeration  curnculunn  was  developed  with  the  intent  of  providing  the  basic  skills  and 
knowledge  that  the  student  will  need  as  a  good  foundation  fronn  which  to  build. 

As  our  nation  nnoves  into  an  era  of  energy  conservation  and  environmental  protection, 
the  demands  placed  upon  the  air-conditioning  and  refrigeration  specialist  become  even 
greater.  Indoor  environmental  control  requires  an  individual  who  has  €  very  strong 
foundation  m  the  basics,  in  order  to  obtain  maximum  efficiency  from  the  climate  control 
equipment  with  a  minimum  of  energy  use. 

This  publication  was  developed  with  the  assistance  of  many  individuals  very 
knowledgeable  in  the  trade.  Some  of  these  individuals  represent  professional  associations 
and  industry.  Their  assistance  and  devotion  to  this  project  is  greatly  appreciated.  It  should 
be  emphasized  that  the  student  needs  to  be  made  aware  of  professional  trade  associations 
and  take  an  active  part  in  them  as  much  as  possible.  The  professional  trade  associations 
are  an  excellent  avenue  for  continuing  education  within  the  trade.  Every  student,  instructor, 
and  all  other  indwiduals  associated  with  this  trade  should  develop  the  attitude  of 
'professionalism"  in  x\   j  endeavors. 

Every  effort  has  been  made  to  make  this  publication  basic,  readable,  and  by  all  means, 
usable  Three  vital  parts  of  instruction  have  been  intentionally  omitted  from  this 
publication:  motivation,  personalization,  and  localization.  These  areas  are  left  te-  the 
individual  instructors  and  the  instructors  should  capitalize  on  them.  Only  then  will  this 
publication  really  become  a  vital  part  of  the  teaching-learning  process. 


Gary  W.  Wantiez 
Writer 


Ann  Benson 
Executive  Director 
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USE  OF  THIS  PUBLICATION 


Instructional  Units 

The  Air  Conditioning  and  Refrigeration,  Book  I  curriculunn  includes ^even  areas.  Each 
area  consists  of  one  or  more  units  of  instruction.  Each  instructional  unit  includes  some 
or  all  uf  the  basic  components  of  a  unit  of  instruction:  performance  objectives,  suggested 
activities  for  teacher  and  students,  information  sheets,  assignment  sheets,  job  sheets,  visual 
aids,  tests,  and  answers  to  the  test.  Units  are  "planned  for  more  than  one  lesson  or  class 
period  of  mstruction. 

Careful  study  of  each  irsuuctional  unit  i)y  the  teacher  will  help  him  determine: 

A.  The  amount  of  r^aterial  ^hat  can  be  covered  in  each  class  period. 

B.  The  skills  whicn  must  be  demonstrated. 

1.  Supplies  needed 

2.  Equipment  needed  ^ 

3.  Amount  of  practice  needed 

4.  Amount  of  class  time  needed  for  demonstrations 

C.  Supplementary  materials  such  as  pamphlets  and  filmstrips  that  must  be  ordered, 

D.  Resource  people  that  must  be  contacted. 

Objectives  ^  ^ 

Each  unit  of  instruction  is  based  on' performance  objectives.  These  objectives  state 
the  goals  of  the  course  thus  providing  a  sens*  of  direction  and  acc^jjiplishment  for  the 
student. 

Performance  objectives  are  stated  in  two  forms:  unit  objectives,  stating  the  subject 
matter  to  be  covered  in  a  unit  of  instruction  and  specific  objectives,  stating  the  student 
performance  necessary  to  reach  the  unit  objective. 

Smce  the  objectives  of  the  unit  pros^ide  direction  for  tt.^  teaching-learning  process, 
it  is  important  for  the  teacher  and  students  to  have  a  common  qg^rstanding  of  the  intent 
of  the  objectives.  A  limited  number  of  performance  terms  have  been  used  in  the  objectives 
for  this  curnculum  to  assist  in  promoting  the  effectiveness  of  the  communication  among 
all  .Individuals  using  the  materials,  \ 

Following  !S  a  list  of  performance  terms  and  their  synonyms  which  may  have  been 
used  in  this  material 

Name  Identify  Describe 

L^beT  Select  ,  Define 

List  in  wntmg  Mark  Discuss  in  writing 

List  orally  Point  odt  Discuss  orally 

Letter  P»ck  out  Interpret 

Record  Choose  Tell  how 

Repeat  Locate  Tell  what  . 

Give  E^P'^'" 


0 


Order 

Arrange 

Sequence 

List  in  order , 

Classify 

Divide 

Isolate 

Sort 


Demonstrate 
Show  your  work 
Show  procedure 
Perfornn  an  experinnent 
Perfornn  the  steps 
Operate 
Remove 
Replace 
Turn  off /on 
(Dis)  assen)ble 
(Dis)  connect 

Reading  of  the  objectives  by  tlie  student  should  be  followed  by  a  class  discussion 
to  answer  any  questions  concerning  performance  requirements  for  each  instru-^tional  unit. 

Teachers  should  feel  free  to  add  objectives  which  will  fit  the  material  to  the  needs 
of  his  students  anct  comn-»unity.  When  a  teacher  adds  objectives,  he  should-remember  to 
supply  the  needed  information,  assignment  and/or  job  sheets,  and  criterion  tests. 

Suggested  Activities 

Each  unit  of  instruction  has  a  suggested  activities  sheet  outlining  steps  to  follow 
in  accomplishing  specific  objectives.  The  activities  are  listed  according  to  whether  they 
are  the  responsibility  of  the  instructor  or  the  student. 

Instructor "  Duties  of  the  instaictor  will  vary  according  to  the  particular  unit,  however, 
for  best  use  of  the  material  they  should  tnclucle  i^'"  following,  provide  students  with 
objective  sheet,  information  sheet,  assignment  sheets,  and  job  sheets;  preview 
filmstrips,  make  transparencies,  and  arrange  for  resource  materials  and  people;  discuss 
unit  and  specific  objectives  and  information  sheet;  give  test.  Teachers  are  encouraged 
to  use  any  additional  instructional  activities  and  teaching  methods  to  aid  students 
in  accomplishing  the  objectives 

Students:  Student  activities  are  listed  which  will  help  the  student  to  achieve  the 
objectives  for  the  unit. 


Vj 


Distinguish 
Discriminate 


Construct 

Draw 

lyi^ke 

Build  ' 

Design 

Formulate 

Reproduce 

Transcribe 

Reduce 

Increase 

Figure 


Additional  Terms  Used 
Evaluate  ^ 
Complete 
Analyze 
Calculate 
Estinnate 
Plan 
Observe 
Compare 
Determine 
Perform 


Prepare 

Make 

Read 

Tell 

Teach 

Converse 

Lead 

State 

Writp 


Information  Sheets 

Infornnation  sheets  provide  i^ontent  essential  for  nneeting  the  cognitive  (knowledge) 
objectifies  of  the  unit.  The  teacher  will  find  that  information  sheets  serve  as  an  excellent 
guide  for  presenting  the  btiCk^round  knowledge  necessary  to  develop  the  skills  specified 
in  the  unit  objective. 

Students 'should  r;ead  the  information  sheets  before  the  information  is  discussed  in 
class.  Sj4jdent^  may  take  additional  notes  on  the  information  sheets. 

Transparency  Masters 

Transparency  masters  provide  information  in  a  special  way.  The  students  may  see 
as  vyell  as  hear  the  material  being  presented,  thu?  reinforcing  th^  learning  process. 
Transparencies  may  present  new  information  or  iMy  may  reinforce  information  presented 
in  the  information  sheets.  They  are  particularly  enective  when  identification  is  necessary. 

Transparencies  should  be  made  and  placed  in  the  notebook  where  T*key  will  be 
immediately  available  for  use.  Transparencies  direct  the  class's  attention  to  the  topic  of 
discuSsio^.  They  should  be  left  on  the  screen  only  when  topics  shown  are  under  discussion. 

Job  Sheets 

Job  sheets  are  an  important  segment  of  each  unit.  The  instructor  should  be  able 
to  and  in  most  situations  should  demonstrate  the  skills  outlined  in  the  job  sheets. 
Procedures  outlined  in  the  job  sheets  give  direction  to  the  skill  being  taught. and  allow 
both  student  and  teacher  to  check  student  progress  toward  the  accomplishment  of  the 
'  skill.  Job  sheets  provide  a  ready  outline  for  a  student  to  follow  if  he  has  missed  a 
demonstration.  Job  sheets  also  furnish  potential  erruiloyers  with  a  picture  of  t^e  skills 
being  taught  and  the  performances  he  might  reasonably  expect  from  a  person  who  has 
had  this  training. 

Assignment  Sheets 

Assignment  sheets  give  direction  to  study  and  furnish  practice  for  paper  and  pencil 
activities  to  develop  the  knowledges  which  aie  necessary  prerequisites  to  skill  development. 
These  may  be  given  to  the  student  for  completion  in  class  or  used  for  homework 
assignments.  Answer  sheets  are  provided  which  may  be  used  by  the  student  and/or  teacher 
for  checking  studenc  progress. 

Test  and  Evaluation 

Paper-pencil  arid  performance  tests  have  been  constructed  to  measure  student 
achievement  of  each  objective  listed  in  the  unit  of  instruction.  Individual  test  items  may 
be  pulled  out  used  as  a  short  test  to  determine  student  achievement  of^a  particular 
objective.  This  kind  of  testing  may  be  used  as  a  daily  quiz  .and  will  help  the  teacher 
spot  difficulties  being  encountered  by  students  in  their  efforts  to  accomplish  the  terminal 
objective.  Test  items  for  objectives  added  by  the  teacher  should  be  constructed  and  added 
to  the  test. 

Test  Answers 

Te^t  answers  are  provided  for  each  unit.  These  may  be  used  by  the  teacher  and/or 
student  for  checking  student  achievement  of  the  objectives. 
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AIR  CONDITIONING  AND  REFRIGERATION 
BOOK  ONE 

INSTRUCTIONAL  ANALYSIS 

» 

JOB  TRAJNING:  Wh3t  the"  RELATED  INFORMATION:  What 

Worker  Should  Be  Able  to  Do  the  Worker  Should  Know 

(Psychomotor)  '  ^  (Cognitive) 

SECTION  A-UNIT  I:  ^ISTORY  AND  DEVELQPMEiMT 

r 

1.  Important  events  in  the 
development  of  mechanical 
refrigeratiorr  ,  - 

2.  Important  events  in  the 
development,  of  a^r  conditionin 

UNIT  II.  JOB  OPPORTUNITIES 

1.  Job  titles 

2.  Demand  for  workers^ 
'      ^           SECTION  B -UNIT  I:  GENERAL  SAFETY  ' 

1.  Safety  color  code 

2.  RuleSj;  for  personal  safety, 

3.  Rules  for  general  shop  safety 

4.  Classes  of  fires 

5.  '"^/pes  of  fire  extinguishers^ 

r 

6.  Procedure  to  follow  m  case 
of  an  accident 

7,       Demonstrate  the  procedure  for 
lifting  heavy  objects 

UNIT  11:  SPECIFIC  SAFETY 

1,  Classification  of  accidents 
m'the  refrigeration  shop 

2.  Rules  for  electrical  safety 


XV 


JOB  TRAINING.  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


3. 
4. 

5 
6. 


SECTION  C-UNIT  I 


RELATED  INFORMATION:  What 
the  Worker  Should  Know 
(Cognitive) 

3.  Refrigerant    related  safety 
rules 

4  Highly  flpnmable  gases 

5.  Safety  rules  for  pressurizing  ^ 

6,  Safety  j  .ags 
HAND  TOOLS 

1,  Basic  hand  tools 

2        Proper  use  and  care  of  hand 
tools 


Grind  a  flat  tip  screwdriver 

Grind  the  head  of  a  chisel  or 
punch  . 

Sharpen  a  chisel 

Cut  threads 


UNIT  II    SPECIAL  TOOLS 
1, 
2 


Sharpen  a  twist  drill  bit 

U^"IT 


MEASURING 
1 

2 
3 


Specialized  tools 

Use  and  care  of  specialized 
tools 


Measuring]  mstruments 
Read  a  rule 

Use  and  care  of  measurinf) 
instruments 


5' 
6 
1, 
8 


Measure  lines 

Measure  diameters 

Read  a  circumference  rule 

Use  calipers 

Use  a  micrometer 
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JOB  TRAINING    What  the  RELATED  INFORMATION  V\hat 

Worker  Should  Be  Able  to  Do  the  Worker  Should  Knew 

(Psychomotor)  (Cognitive) 

SECTION  D  UNIT  I  TUBING 

1        Types  of  tubing 

2.       Applications  of  tubing 

3        Tubing  and  refrigerant 
hose  fittings 

UNIT  II    TUBING  OPl  -^tATlONS 

1.  Tubing  tools 

2  Flare  tubmg 

3  Make  a  swage  jomt 

4  Make  a  90'  and  180°  bend 

5  Make  a  45^  bend 

6  Construct  b  tubing  project 

UNIT  III  PIPE 

1         Iron,  brass,  flexible  plastic 
and  f).v  c   pipe  fittings 

2.  Black  pipe  and  galvanized 
pipe 

3  Advantjges  and  disadvantages 
of  plastic  pipe 

4  Pifie  applications 

5  Peju  fittiny  si/es 

6  Determine  lengths  of 
necessary  for  a  given  job 

SECTION  E  UNIT  I    SOLDERING  AND  WELDING  EQUIPMENT 

1  '       Safety  rules 
"^'2        Eciuiprnent  components 
3        Use  and  care  of  equipment 

4         I  MjMi  ddjust  torches 
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JOB  TRAINING    What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


RELATED  INFORMATION:  What 
the  Worker  Should  Know 
(Cognitive) 


3 
4 

5 


3 
4 


UNIT 


SOFT  SOLDERING 
1 


Types  of  soft  solder 
and  fluxes 

Steps  in  making  a  solder 
jOint 


Clean,  assemble,  and  solder  a 
swage  jOint 

Solder  an  upright  inverted 
afKP  horizontal  joint 

Soicier  wi^li  different  types 
of  torcfies 

UNIT 


SILVER  BRAZING 
1. 


Types  of  silver  brazing 
alloy  and  flux 

Steps  for  silver  brazing 


S.lver  hra^re  various  tyf)es 
jointb 


UNLT  ly^  ALUMINUM  SOLDERING 

1 


Torches  to  be  used  for 
aluminum  soldering 

Procedures  for  aluminum 
soldering 


Aimi^inuni  soUier 
AlLif^^inum  bra/e 

UNIT  V    OXYACETYLENE  CUTTING,  WELDING,  AND  BRAZING 

^p^.  1  Torch  parts 

2  Tip  sizes 

3.  Properties  of  a  weld 

4.  Flame  characteristics 
5  Purposes  of  flux 
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JOB  TRAINING:  What  the 
Worker  Should  Be  Able  to  Oo 
(Psychoh.utor) 


RELATED  INFORMATION:  What 
the  Worker  Should  Know 
(Cognitive) 


6. 
7. 


3. 
4. 


Set  up  and  adjust  equipment 

Use  cutting  and  welding  equipment 

UNIT  V!:  ELECTRIC  WELDING 

1.       Types  of  welding  machines 

2. 

3. 

4. 


Types  and  sizes  of  electrodes 
/arts  of  electric,  welders 
Correct  le. 
Factors  determining  weld  quality 


Use  the  electric  welder 

SECTION  F-UNIT  I:  BASIC  MECHANICAL  REFRIGERATION 

h       Types  of  compressors, 
evaporators,  condensers, 
and  metering  devices 


State  of  refrigerant 


Assemble  a  basic  refrigeration 
system 

UNIT  II:  REFRIGERANT  SYSTEM  ACCESSORIES 

1.  Refrigerant  system  accessories 

2.  Purpose  of  refrigerant  system 
accessories 

In-jtall  filter-driers 
Use  service  valves 

UNIT  III:  REFRIGERANTS 

1.       Common  refrigerants 
Cylinder  color  codes 


2. 

3. 

4. 
5. 


Use  of  pressure  temperature 
chart 

Methods  of  leak  detection 

Safety  precautions  fo. 
refrigerant  handling 
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JOB  TRAINING:  What  the  RELATED  INFORMATION:  What 

Worker  Should  Be  Able  to  Do  the  Worker  Should  Know 

(Psychomotor)  (Cognitive) 

6.  Use  refrigerant  gauges 

7.  Use  the  pressure  temperature 
chart 

UNIT  IV.  EVACUATION 

1.  Reasons  for  evacuating 

2.  Effects  of  air  and  moisture 
in  a  refrigeration  systen* 

3.  Types  of  vacuum  pumps  and 
vacuum  indicators 

4.       Evacuate  a  refrigeration 
system 

SECTION  G -UNIT. I:  PRESSURIZING  AND  LEAK  TESTING 

1.       Safety  rules  for  pressurizing 

2  Methods  of  leak  testing 

3  Procedure  for  pressurizing 

4.       Demonstrate  the  drfferent 
methods  of  leak  checking 

UNIT  II:  CHARGING 


1.  ,    Safety  rules  for  handling 

refrigerants 

2.  Advantages  and  disadvantages 
of  liquid  and  vapor  charging 


3  Vapor  charge  a  system 
4.        Liquid  charge  a  system 
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TOOLS 


(NOTE*  These  are  the  recommended  tools  and  equipment  necessary  for  an  air-conditioning 
and  refrigeration  training  program.) 


Screwdrivers 

1.  Standard  slot 

2.  Phillips 

3.  Clutch  head 

4.  Stubby 

5.  Offset 

Wrenches 

1.  Open  end 

2.  Box  end 

3.  Combination 

4.  Adjustable  open  end 
5  Pipe 

6.  Flare  nut 

Pliers 

^  Slip  joint 

2.  Slip  groove 

3.  Long  nose 

4.  Diagonal  cutters 

5.  Plier  wrench 

6.  Pinch-oft 

Hammers 

1.  Ball  peen 

2.  Soft  face 

3  Sledge 

4  Claw 

Punches,  Chisels,  and  Bars 


1 

Pm  pun'^h 

2 

Center  punch 

3 

Flat  chisel 

4. 

Pry  bar 

5 

Sciatch  awl 

Flies 

1. 

Flat 

2. 

Half  round 

3. 

Round 

4 

Point 

5 

Slim  taper 

6. 

Handle 

Socket 

sets 

1 . 

Ratchet  handle 

2. 

Socket 

J. 

Deep  socket 

4. 

Hinge  handle 

5. 

Extension 

6. 

Speed  handle 

7. 

Universal  joint 

Tubing 

tools 

1. 

Flaring  tool 

2. 

Tubing  reamer 

3. 

Flaring  block 

4. 

Cutter 

5. 

Double  flare  punch 

6. 

Swage  punch 

-» 
/  . 

Lever  type  bender 

8. 

Bending  ^pripig 

Accessory  hand  tools 

1. 

Wire  strippers 

2. 

Drop  light 

3. 

Oil  can 

4. 

Hack  saw 

5. 

Screw  starter 

6. 

Safety  glasses 

7. 

Nut  drivers 

8. 

Level 

9. 

Hex-key  wrenches 

Threading  tools 

1. 

Tap 

2. 

Die 

3. 

Die  stock 

4 

T-Handle  tap  wrenc 

5. 

Hand  tap  wrench 

Refrigeration  gauge  set 

Leak  detectors 

1. 

Soap  solution 

2  ' 

Hahde  torch 

3 

EiectroDic 
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Drill  motors 

1.  Straight 

2.  Offset 

Drill  bits 

1 .  Twist 

2.  Wood 

3.  Masonry 

Bench  grinders 


1. 

Bench 

2. 

Pipe 

Pullers 

1. 

Wheel 

2. 

Bearing 

3 

Gear 

Thermometers 

1 

Pocket 

2. 

Re.noio  bulb 

3. 

Flue  and  stack 

4. 

Thermal  electric 

Recording  thermometers 

Manual  wina 

Electric 

Hygrometers 

Sling-psychrometers 

2. 

Dial  type 

3. 

Humidity  recorders 

Vacuum 

pumps 

1. 

Low  vacuum 

2. 

Deep  vacuum 

Vacuum 

indicators 

1. 

Compound  gauge 

2. 

Mercury  manometer 

3. 

Thermocouple  m.cron  gauge 

Capillary  tube  cleaner 

1. 

Manual  type 

2. 

Hydraulic  type 

Charging  cylinders 


Service  valves 

1.  Hermetic  service  valve  kit 
2        Access  valves  (core  type) 

3.  Process  tube  adapters 

4.  Line  piercing  valves 

Scales. 

Fin  combs  i 

OJ  Dump 

Combustion  testing  kit 

Air  meters 

1.  AneofTffeter 

2.  Pitot  tube 

3.  Inclined  mano'neter 

Appliarl:e  'truck 
Knock-out  cutte"" 
Combination  pattern  snips 
Hand  notcher 
Hand  seamer 
Riveter 

Riveting  hammer 

Aviacion  snips 

1.  flight  hand 

2.  Lefi  hand 

Double  rut  snipb 
Hand  crimper 
Refrigeration  ratchet 


Air-propane  torch 
Torch  handle 
Regulator 

High  tennpeiGture  wraparound  flanne  tip 
Standard  tips 

1.  Snnall 

2.  Mediunn 

3.  Large 
Halide  leak  detector 
Soldering  copper 

Liquified  petroleunn  cylinders 

1.  2  1/2  lb  capacity 

2.  20  lb  capacitv 
Hose--B  size  with  left  l^and  nuts 
Striker 

Air-acetylene  torch 
Torch  handle 
Regulator 


Hose 

Tips 

1. 

No. 

1- 

-Very  fine  pointed  flanne 

2. 

No. 

2- 

-Fine 

3. 

No. 

3- 

-Mediunn 

4. 

No. 

4- 

-Mediunn  large 

5. 

No. 

5- 

-Large 

6. 

No. 

6- 

-Extra  large 

High  tennperature  wraparound  flanne 

Halide  leak  detectors 

Soldering  copper 

Acetylene  tanks 

11,      "B"  tank,  40  cubic  foot 
2,       "MC"  tank,  10  cubic  foot 

Striker 

Cylinder  wrench 
Oxyacetylene  torch 


1. 

Oxygen  regulator 

2. 

Acetylene  regulator 

3. 

Torch  handle 

4. 

Cutting  attachment 

5. 

Welding  tip 

6. 

Cutting  tip 

7. 

Twin  hose 

8. 

Goggles 

9. 

Striker 

10. 

Cart 

11. 

Oxygen  cylinder 

12. 

Acetylene  c/linder 

Electric  welder  and  equipment 


r  E 


1. 

Electric  welder 

2. 

Electrode  holder 

o> 

CiroiinH  plflnr.n 

\J  1         i  1  \J  Llwllt^/ 

4. 

Shield 

5. 

Gloves 

6. 

Chipping  hammer 

7. 

Safety  goggles 

8. 

Wire  brush 

9. 

Electrode 

metrical 

test  instruments 

1. 

Voltmeter 

2. 

Ohmmeter 

3. 

Multimeter 

4. 

Wattmeter 

5. 

Ammeter 

6. 

lyiillivoltmeter 

7. 

Hermetic  analyzer 

8. 

Capacitor  analyzer 

tip 
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ACR  I 


HISTORY  AND  DEVELOPMENT 
UNIT  I 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  match  air-conditioning  and 
refrigeration  terms  to  the  correct  definitions.  The  student  should  also  be  able  to  state 
important  developments  in  air  conditioning  and  in  mechanical  refrigeration.  This  knowledge 
will  be  evidenced  by  scoring  eighty -five  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1 .  Match  tsrms  associated  with  air  conditioning  and  refrigeration  to  the  correct 
definitions. 

2.  List  the  six  conditions  of  conditioned  air. 

3.  State  three  important  events  in  the  development  of  mechanical  refrigeration. 

4.  State  three  important  events  in  the  development  of  air  conditioning. 

5.  Distinguish  between  compression  refrigeration  components  and  absorption 
refrigeration  components. 
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HISTORY  AND  DEVELOPMENT 
UNIT  I 


SUGGESTED  ACTIVITIES 


L    Instructor:  < 

A.  Provicte  student  with  objective  sheet. 

B.  Provide  student  with  information  sheet 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific,  objectives. 

E.  Discuss  information  sheet. 

F.  Tour  shop  and  take  field  trip  to  a  local  air-corjditioning  and  ref  ^geration 
shop. 

G.  Give  test. 
II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Take  test. 

* 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1  "Compression  Refrigeration  System 

2.  TM  2-Absorption  Refrigeration  System 
t).    Test  ^ 

E,    Answers  to  test 

) 


2. 
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A.  Althouse,  Andrew  D.;  Turnquist,  Car!  Vf/,  and  Bracciano,  Alfred  F.  Modern 
Refrigeration  and  Atr  Condtttontng.  Home\r»/ood,  Illinois:  Goodheart-Willcox 
Co.,  1975. 

B.  Refngeration  Service  and  Contracting,  Vol.  44,  No.  2,  February,  1976, 
p.  14-18. 

C  Ingels,  Margaret.  Father  of  Air  Conditioning.  Garden  City,  New  York: 
Country  Life  Press/Doubleday  and  Co.,  Inc.,  1952. 

D.    A  to  Zero  of  Refrigeration.  Detroit,  Michigan:  General  Motors,  1961. 
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ACR  I 

HISTORY  AND  DEVELOPMENT 
UNilT  I 

l^iFORMAT!0^^l  SHEET 
Terms  .and  definitions  , 

A     Cooi  Heat  extracted  condition  of  a  substa  e 

B      Heat--Form  of  energy  _  . 

C.     Filter-Device- thai  removeG  unwanted  particles  from  a  substance 

D     Humidify-  Addition  of  moisture  to  the  air 

E      Dehumidify-  Extraction  cf  moisture  from'^^the  air 

F      Distribution  of  air  -Method  in  which  certain  quaatithes  of  air  are  supplied 

G.    Absorption    refrigeration -Refrigeration    process    th'at   occurs   when  a 
refrigerant  iS  absorbed  by  a  chemical  substance 

H     Compression  reingeration  -Refrigeration  process  that  increases  the  pressure 
of  a  refrigerant  by  mechanical  means 

Conditions  of  conditioned  air 

A.  Cooled 

B.  Heateef^^ 

C.  Filtered  \ 

D.  Humidifiecl 

E.  Deliumidified  ^ 
F   .  D'stnbuted 

jrnportant  events  in  the  development'  of  mechanical  refrigeration 

A     TS34  Jacob  Perkins  patented  first  refrigeration  machine  in  America  - 

INOTE    This  machine  was  a  closed  compression  systerti  and  it  was  not 

a  commercial  success  ) 

B      1918-  Kelvmjior  sold  first  domestic  re^-gerator  to  U.S.  markets 
C      1930  RetnqercifU  2:^12  was  (jevelop^^d  ' 

rNOTE    R^'frigercnit  ^1?  ^vas  oiv:  of  the  first  fluorocarbon  refrigerants.) 
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1^JF0RMATI0N  SH[-:FT  , 

IV     lrnport.ini  events  li^  rfif  dJ^eio[)nient  uf  dir  conditioning 

A      1908  Cjrrier  Air  Conditioning)  Company  was  founded 

(NOTt  VVi'iis  H  Ct^rner,  a  pioneer  in  refrigerated  air  conditioning,  is 
rererred  to       the  "faih     o*  aii  conditioning,") 

8      1934  Fnc|idaire  dir  conditior^ed  ^  complete  house 

C.     1935  General  Electric  installed  a  heat-pump  system 

V     CofriponetUs  o*  refriqerc*tion  systenis 

A     Comt)res3icn  (Transpdrency  1) 

1  Compressor 

?         Discharge  im*^ 

3  Condenser 

4  Liqmd  !ine 

5  ^•Pter^nq  device 

6  E\-aporator 

7  Si.ct'on  line 

6      Ahso'ption  (Trjnspjrencv  2) 
1         M.\,r  source  (fianie) 
/         Generator  n 
3  Sf^paratoi 
Cond^Mi'v;' 
5         ^  vipo'ciior 

(3  'M)SOrl;Mf 
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Compression  Refrigeration  System 


TM  -  1 


ACR  I  -  9- A 


Absorption  Refrigeration  System 


Condenser 


Evaporator 


Ammonia  Vapor  ^ 


Separator 


Absorber 


Generator 


j  Ammonia  Liquid 


Ammonia  Vapor 
Hydrogen 
Water 

Dissolved  Ammonia 


Heat  Source 
(flame) 


TM  2 
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HISTORY  AND  DEVELOPMENT 
UNIT  I 


TEST 


Match  the  terms  on  the  right  to  the  correct  definitions. 


a. 

Heat  extracted  condition  of  a  substance 

1. 

Filter 

b 

Extraction  of  moisture  from  the  air 

2. 

Dehumidity 

c. 

Method  in  which  certain  quantities  of  air 

J. 

Absorption 

are  supplied 

rpfrigeration 

d. 

Refrigeration  process  that  occurs  when 

4. 

Cool 

a  r^effigerant  is  absorbed  by  a  chemical 

substance 

5. 

Humidify 

e. 

Addition  of  moisture  to  the  air 

6. 

Heat 

 _f. 

Porm  of  energy 

7. 

Compression 

refrigeration 

g. 

Device^thw^  removes  unwanted  particles 

from  a  substance 

8. 

Distribution 

of  air 

 h, 

Refrigeration  process  that  increases  the 

pressure  of  a  refrigerant  by  mechanical 

means 

List  the  SIX  conditions  of  conditioned  aii 

a 

b. 

c 

d. 

e 

f. 

State  three  important  events  in  the  development  or  mechanical  refrigeration. 

a.  1834 

b.  1918 

c.  1930 
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State  three  important  events  in  the  development  of  air  conditioning, 
a  1908 
b,  1934 
c  1935 

Distinguish  between  compression  refrigeration  components  and  absorption 
refrigeration  components  bv  placing  a  "C"  by  the  compression  components  and 
an   "A"  by  the  absorption  components. 

 d.  Liquid  line 

 b  Separator 

 c  Absorber 

_d  Compressor 

^.  Heat  source  (flame) 

 f.  Metering  de^/'ce 

g  Suction  line 
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HISTORY  AND  DEVELOPMENT 
UNIT  I 


ANSWERS  TO  TEST 

a  4  e.  5 

b.  2  f.  6 

c.  8  g  1 
d  3  h.  7 

d.  Cooled 
b  Heated 
c  Filtered 

d  Humidified 

e  Dehumtdified 

f  Distributed 

a  1834  Jacob  Perkins  patent<;d  first  refrigeration  machine  in  America 

b  1918--Kelvinator  sold  first  domestic  refrigerator  to  U  S  rTiarkets 

r  1 930- Refrigerant  -12  was  developed 

a  1908  Carrier  Ai*'  Conditioning  Company  was  founded 

b  1934-Frigidaire  air-conditioned  a  complete  house 

c  1935  General  Electric  msral'ed  a  heat  pump  system 

J  C  e.  A 

n  A  f  C 

c  A  g  C 

rJ  C 
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JOB  OPPORTUNITILS 
UNIT  II 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  select  job  titles  within  phases 
of  air  conditioning  and  list  two  job  titles  for  each  level  of  training.  This  knowledge  will  " 
be  evidenced  through  demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 

SPECIFIC-OBJECTIVES 

"  \ 

M  After  completion  of  this  unit,  the  student  shoiild  be  able  tp:  ^ 

1.  Match  terms  associated  with  job  oppbrtunitt^s^to  the  corrett  definitions 
or  descriptions. 

2.  Select  job  titles  within  phases  of  air  conditioning. 

3.  List  two  job  titles  for  each  level  of  training. 

4        Discuss  past  and  predicted  future  demands  for  workers  with  skills  in  air 
conditioning  and  refrigeration. 

5,       Select  employers  of  refrigeration  or  air-conditioning  personnel. 


/ 
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JOB  OPPORTUNITIES 
UNIT  II 


SUGGESTED  ACTIVITIES 


I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  assignment  ^heets. 

C.  Discuss  unit  and  specific  objectives. 

D.  Discuss  information  and  assignment  sheets.  ^ 

E.  Give  tast. 

II.  Student: 

A.     Read  objective  sheet. 
B     Study  information  sheet. 

C.  Complete  assignment  sheet. 

D.  Take  test. 


A.  Objective  sheet 

B.  Information  sheet 

C.  Assignment  Sheet  #1"Select  Employers  of  Refrigeration  or  Air-Conditioning 
Personnel 

D.  Test 

E.  Answers  to  test 
II.  References. 

A     Occupational  Outlook  Handbook.  Washington,  D.C.:  U.S.  Government 
Printing  Office,  1975. 

B.     Daly,  Donald  F.  Your  Future  in  Air  Conditioning  and  Refrigeration,  New 

York,  New  York.  Arco  Publishing  Co.,  1971.  ^ 


INSTRUCTIONAL  MATERIALS 


Included  in  ^this  unit: 


ERLC 


ACR  !  19-A 


JOB  OPPORTUNITIES 
UNIT  II 


INFORMATION  SHEET 


Terms  and  definitions  or  descriptions 

A  Air  conditioning  Conditioning  of  the  air  including  cooling,  heating, 
dehumidifying,  humidifying,  filtering,  and  distribution 

B,  Mecfianic  -Individual  that  performs  a  service  or  installation  function 

C.  VA/holesaler-  lndividual  or  company  that  sells  equipment,  parts,  and  supplies 
to  retailers 

D  Retailer- Individual  or  company  that  sells  and  services  equipment  to  the 
retail  customer  u 

E      Installer  Mechanic  that  installs  the  equipmenr  the  retailer  sells 

F  Service  man  -Mechanic  that  repairs  and  maintains  the  equipment  the  retailer 
sells 

G     Salesnnan-  Individual  that  sells  the  equipment 

H.  Estimator-  Individual  that  r  .  Timonds  what  size  and  type  of  equipment 
the  customer  needs 

(NOTE    lri  many  organizations  the  salesman  is  also  the  estimator)  V 

I       Manufacturer -Company  that  makes  a  particular  brand  of  ecjuipment 

(NOTE  This  term  is  generally  referred  to  as  O.E.M.,  wh'ch  stands  for 
oriqinal  equipment  manufacturer.) 

J  Manufactuier's  representative-  Individual  that  selves  as  a  lia.son  between  the 
manufacturer  and  the  retailer 

K  Service  representative-  Individual  that  is  employed  by  a  manufacturer  to 
aid  retdilers  m  t^^e  proper  installation  and  repair  of  a  parhcular  brand  of 
equipment 

Jot)  titles 

A.  Manuf.iCturiny 

2-  Enumeer 
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!^IF0P^^AT!0N  sheet 


3         ^ss  "nhly  f>>  ir, 


5        Wi'mfac^urc  s  •rpresonUitive 

6  l\^;o!isaiinii 

1  Sdiosman 

3  Sh'jKJir.q  clerk 
C  Rptailinq 

1  S  .i-^snap 

2  Fst-nntv^r 

3  Sf^rvice  mnnaqer 

4  Dp  livery  f>erson 

5  Ifistvilipr 

7         HpjtftX]  pipf'Ht^ic 
S         Rcfr'  ]i  ftn'o.i  rrpijMmc 
0      cSifi-diPi]  ri\<in''^nc^''CP 

;         Cool  tMi  rnfT,han.r 

3  f      .tt        ''^  Cl^d'V  ^  * 

j  jj      {  t^Vf'K        i\  .f!ir,n 

'\'JTE    S[i^M.j!  lirf'is.'-^  'nay        rpquirpri  tn  snrr.-*  fnuvirapKh' al  ar^ 

A        i^""  Hit/!"-.'.  hJf  [tM 

1  [Jt';!',ru>r  L'suai'y  rnruiir'^s  a  four  year  rf)l!t»fj«»  \)\(h\r 
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li^^fORMATiON  SHEET 


2  -      Ei^qmeer  CoHeqe  diHjree  in  ruechanical  or  electrical  enqmeenng 

3  Asscinbiy    nian  -Hi()h    school    diploma    with    a  mechanical 
background 

4,       Shippinq  cterk  -High  school  diploma  with  a  background  in  record 
keeping 

5        Manufacturer's  representative-  High  school  diploma  and  some 
college  work  with  a  background  in  sales 

6,       Serv.cc  representative  Technical  school  training  with  experience 
'  ds  a  cooling,  heatina  and  refrigeration  mechanic 

B.  Who'esalrnq 

1,       Salesman  Technical  school  training  with  some  business  training 

2        Counternan-  Technical     school     training     with  bookkeeping 
experjenco 

3.       Shipping  c^erk  High  school   diploma^  with  some  bookkeeoing 

experience 

C  Retailing 

1  Salesman-  Technical  school  trainmq  with  some  business  trailing 

2  Estimntor-  TecHmca!  school  training  with  emphas.s  on  math  and 
drafting 

3  SerxMCf*    rrvmaqor   fechr^.        ^rhool    training    with  extensive 
experience  as  a  service  mocfuin'C 

4  Delivery  person  Hiyh  school  diploma 

5  Inst-ilier  Technical  school  or  apprenticeship  trainino  and  sheet 
metal   vvutny,  dnc]  f:)!ning  experience 

6  CoohfKj  mechanic  Technical  scfiool  or  Ofiprentice'^hip  training  and 
job  exfienonce 

7  Hpatiot]  mochan-c  rpchn^ca!  school  or  apprenticesfup  tramtnq  and 
job  .;xnef if^f.ce  ^ 

8  RefrJocjtH'n    mpch-m-  Tpc^nrj'    school    or  '^Mpr^^nticerhip 
traininy  and  ]ob  exper'oru.e 
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I 

I 


INFORMATION  SHEET 


S^ifKMVisor  Ifictinica!  school  o\  apjjrenticeship  traininq'  and 
f'xpenenrt'  m  set'virinq  commercial  heatincj  and  cooling  equif)moiit 

7        Cnolifig  meH:hcinic  Technical  scliool  or  appronticeslnu  traminq  and 
rxiH^neno ^  1.1  SL.rvJCinq  corrrmercal  cooimq  equ'pment 

3         H^Mt'fuj  mf?chanic  Technical  school  or  apprenticeshij:;  traminq  and 
exfjcrionce  in  servicing  commercidl  heatinq  equipment 

IV     ^di\  jfKl  |)redic^od  future  demands  ^ 

1         rMiniarc'd  227  000  fjir  conditioning  and  refrigeration  rnechafHcr"" 
in  1975  ^  _ 

_  _  _  -    5        r/ork  avarjbic"  m  ail  narts  ot  trre  country 


Estr^^cit-vi  i>?ed  for  394,000  air  condit'oninq  and  refriqeration 

'  >'Ch.in;(  s  bv  1980 

fNiOTF  T*^^esp  figures  are  based  on  An  Cqndittoninq  and 
nr;,fi.|t'fation  Institute  b  "Manpower  Survey  Report",  March, 
'973  ) 

/  Tcis';'.]  cicfVidnd  du{^  to 
a      Gt 'Ur  j!  ^r^jtmg  and  cooitng  m  more  new  homes 
b      I't^M'  dse  m  standard  of  living  i 
c      vV  ^''ker  ,)fom<^tiOns,  trai^sters,  rettremf-nt,  afia  deatli 
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JOB  OPPORTUNITIES 
UNIT  II 


ASSIGNMENT  SHEET  #1-SELECT  EMPLOYERS 
OF  REFRIGERATION  OR  Al R-CONDltlONING  PERSONNEL 


Using  the  city  directory,  telephone  directory,  or  area  newspapers,  list  employers  of 
refrigeration  or  air-conditioning  personnel. 

1.  Manufacturing 


2.  Wholesaling 
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ASSIGNMENT  SHEET  #1 


f 


3.  Retailing 


4.       Building  maintenance 
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JOB  OPPORTUNITIES 
UNIT  II 


TEST 


Match  the  terms  on  the  right  t^  th^  correct  definitions  or  desciiptions. 


a. 

Individual     or    company    that  sells 

1. 

Mechanic 

quipnnent,  parts,  and  supplies  to  retailers 

2 

Retailer 

b. 

Individual  th?t  reconnnnends   vhat  size 
and  type  of  equipnnent  the  customer 

3.  , 

Estimator 

needs 

4, 

op  rviPP 
\J\Z  1  V  1  V^C 

representative 

c. 

Mechanic  that  repairs  and  maintains  the 
eqi^pfTiefit  the  retailer  sells 

5 

Service  man 

d. 

Individual  that  sells  the  equipment 

Manufacturer 

e. 

Individua'  that  performs  a  service  or 

7 

Installer 

installatrBn^function 

8. 

Salesman 

f. 

Conditioning    of    the    air  incl)0ing 
cooling,     -.jheating,       dehu..iK  -fying, 

9. 

Air  conditioning 

humidifying,  filtering,  and  distribution 

10. 

Wholesaler 

g- 

Company  that  makes  a  particular  brand 
of  equipment 

11. 

Manufacturer's 
representative 

h.  Vlech^nic  that  installs  the  equipment  the 
retailer  sells 


i.    Individual  or  company  that  seLs  and 
services  equipment  to  the  retail  customer 

_J.    Individual^Jhat    is    employed    by  a 
manufactu  er  to   aid   retailers  in  the ' 
proper   installation    and    repair   of  a 
particular  brand  o^  equipment 


k  Individual  that  serves  as  a  liaison 
between  the  manufacturer  and  the 
retailer  ^ 


.  ^6  A 


2.       Select  the  ]ob  tiTiPS  within  the  phases  of  air  conditioning  by  placing 
m  the  appropriate  blank 

i      MjfUifactJi  inq 


 1) 

DelivLny  person 

2! 

De^Kjner 

 3! 

Assenribly  man 

1  \ 

Installer 

 5) 

Service  representative 

6) 

Counternan 

Whoiesalino 

1) 

Engineer 

 2) 

SaU;sm;jn 

 3) 

Estimator 

4; 

Shipping  clerk 

1) 

Stilesnv^n 

^ oolinq  Tiechanic 

 3) 

Shuv3ing  clerk 

_  _  4) 

Heating  mechaniL 

 5: 

Rp*riqerat'on  mechanic 

6) 

D(^S' qner 

 7) 

Assf-rnDly  m?n 

 ;_8) 

t^timacor 

Biiiifi'^  g 

maintpnance 

Supervisor 

 2) 

S.'iiesman 

3^ 

Cocl.ng  meciTanic 

/ 


FRir 


L'St  two  ;o'o  t  t'wj  'o'  eac-'  ■  ' 
a  Co''p'ie 


2- 


0  ec^p'ca! 
c.     H'oh  sc^-oo' 

condit'onnr  and  :e^r'qe''at'C" 
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JOB  OPPORTUNITIES 
UNIT  II 


ANSWERS  TO  TEST 


a 


10  g  6 


b      3  h  7 

c.  5  I  2 

d.  8  j  4 


e 


1  k,  11 

•f  9 
a      2,  3.  5 
b      2,  4 

c      1.  2,  4,  5.  8 
ci      1,  3 

Any  two  of  the  following  undei  each  level  of  training 

a 


Cnlkge 

1) 

Mdnutactjting  aesigner 

2) 

Manufactunnq  engine^ 

T^^chnica! 

Manufacturing  service  representative 

2> 

Wholesale  salesman 

3^ 

Wholesale  counterman 

4) 

'-.c'tail  sateMn£)n 

5) 

Retail  estimator 

6* 

Retail  ^«erv'CP  manager 

7: 

Retail  installer 

8^ 

Reta'i  coo'mg  mechanic 

A  t 


30-A 


9) 

Retail  heating  mechanic 

10) 

Retail  refriqeration  mechanic 

11) 

Building  maintenance  supervisor 

12) 

Building  mamtenance  cooling  mechanic 

13) 

Buildmg  maintenance  heating  mechanic 

High 

school 

1) 

Manufacturing  assembly  man 

2) 

Manufacturing  shipping  clerks 

3) 

Manufacturer's  representative 

4) 

Wholesale  shipping  clerk 

5) 

Retail  delivery  person 

4.       Discussion  should  include 
a  Past 


1)  Estimated  227,000  air  conditioning  and  refrigeration  mechanics 
in  1975 

2)  WorK  available  in  all  parts  of  the  country 


1)  Estimated  need  for  304,000  a'r-condiuoning  and  refrigeration 
mechanics  by  1980 

2)  Increased  demand  due  to 

a)  Central  beatmg  and  cooling  in  more  new  homes 

b)  Increase  in  standard  of  living 

c)  Worker  promotions,  transfers,  retirement,  and  death 


5.        Evaluated  to  the  satis fc-tion  of  the  in^tructc 


Future 
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GENERAL  SAFETY 
UNIT  I 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  recognize  unsafe  situations 
and  list  rules  for  shop  and  personal  safety.  He  should  also  be  able  to  select  the  correct 
fire  extinguisher  for  the  classes  of  fire  and  match  the  safety  color  code  with  statements 
of  its  use.  This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring  one 
hundred  percent  on  the  unit  test, 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.       Match  terms  associated  with  general  safety  to  the  correct  definitions. 

2        Match  the  seven  colors  of  the  safety  color  code  to  the  correct  appl-cations 
of  their  use. 

3.  List  rules  for  personal  safety. 

4  List  rules  for  general  shop  safety,  * 

5.  List  steps  in  maintaining  a  clean  and  orderly  shop 

6.  Match  the  classes  of  fire  to  the  correct  statements  defining  each  class. 

7.  Label  the  three  components  of  the  fire  triangle 

8  'yiatch  the  type  or  types  of  fire  extinguishers  to  the  class  of  fire  they  are 
used  on. 

9  Select  steps  to  be  followed  in  case  of  an  accident  in  the  refrigeration  shop. 

10  Select  the  proper  steps  for  lifting  heavy  objects 

11  Discuss  the  steps  tc  be  followed  in  case  of  an  accident. 


GENERAL  SAFETY 
UNIT  I 


SUGGESTED  ACTIVITIES 

Instructor' 

A     Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  assignment  sheets. 

C.  Make     ^nsparencies  ^  " 

D.  (Discuss  unit  and  specific  objectives. 

E.  Discuss  information  and  assignment  sheets. 

F.  Show  a  safety  film  if  available.  ^ 

G.  Invite  fire  chief  to  give  a  talk  on  fire  safety. 

H.  Demonstrate  the  procedure  Tor  lifting  a  heavy  object. 

I.  Give  test.  , 
Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  assignment  sheet. 

D.  Complete  activities  assigned  by  instructor. 
E     Take  test. 

INSTRUCTIONAL  MATERIALS 

Included  in  this  unit* 
A     Objective  sheet 
B      information  sheet 
C.     Transparency  masters 

1         TM  1-The  Fire  Tnanqle 


2.       TM  2  Types  of  Fire  Extinguishers 
3        TM  3  Lifting 

D     Assiqnnient  Sheet  ^1  Discuss  the  Steps  to  be  Followed  in  Case  of  an 

Accident 

E      Answers  to  -issignment  sheet 
F  Test 

G     Answers  to  test 
References 

A  The  ABC's  of  Fire  Protection  Belleville,  New  Jersey:  Kidde  Portable 
Extinquishers/Waltef  Kidde  and  Co.,  Inc. 

B  An  A(  cident  Prevention  Program  for  School  Shops  and  Laboratories. 
Washington,  DC  Office  of  Ediication/U,S.  Department  of  Health, 
Education,  and  Welfare 

C  Feiier.}^  Rrgisler  Vol  36  Number  105  Part  IL  Department  of  Labor.  May 
29,  1971 

D  S<ifety  Pr.^ct/ces  and  Procedures  in  School  Shops  Division  of  Vocational 
Educatton/New  Jersey  Department  of  Education, 

E      A  Look  at  Serv.ce  Safety   Tecumseh,  Michigan:  Tecumseh  Products  Co. 

Adci'tiona!  materials 

A  F:i.>^  "Housekeeping  Means  Safekeeping."  146-009,  Journal  Films  Inc  ,930 
Pinte''  Avenue,  Evanston,  Illinois  6C202 

B  F'ini  "Sto{)  a  Fire  Before  it  Starts"  145  024.  Journal  Films,  909  West 
Divprsey  Pdrkway.  Cfucago,  Illinois  60614 
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GENERAL  SAFETY 
UNIT  ! 

INFORMATION  SHEET 

Terms  and  definitions 

A     Safety-  State  or  condition  of  bei  ig  safe,  freedom  from  danqer,  '''sk,  or  .n}ury 

B      Accident  Includes  any  suddenly  occurring,  unintentional  even^-  which  causes 
mjury  or  property  damage 

C.     First  aid--lmmediate,  temr:)orary  c-^re  given  the  victim  of  an  accident  or 
sudden  illness  until  the  services  of  a  physician  can  be  obtained. 

D     OSH  A  -  Occupational  Safety  and  Health  Act,  federal  legtstauon  designed 
to  insure  safe  and  sanitary  v^orking  conditions  for  employees 

Colors  and  application  of  the  safety  color  code 

A,     Federal  safety  red 

1         Location  of  fire  fiqhtipr;  equipment 

2.        Portable  containers  of  flammable  liquids 

3         Emprqency  stof)  bars,  stop  buttons,  and  enler(jenc\  electrical  stop 
switches  on  rT^aciiinory 

B      Federal  safety  yellow 

1  Caution  and  for  marking  physical  hazards 

2  Waste  containers  for  explosive  or  comhustible  mritpnais 

3  Caution  against  starting,  using,  or  moving  equif^mfr^r  w^'Jer  repv-^ir 

4  identification  of  th*^  starring  point  or  DOwer  source    '  '7Mrhinpfy 
C      Federal  safety  orange 

1  ^     Djnqerous  parts  of  machmes 

2  Sa^etv  started  buttons  a''d  [>art<       /c^npmp-^.c  v  a         f .  use 
pl^^ct"  "a'  shock 

3  [ivposr:  i  pafTs  'pdg^^'    or.'y''   <.'f  .mM  \^    iK'or^    >'  ^Ui^^'"'! 
rjevices,  ao'A  ijowpi  jdw^ 


Thi^   j{jp'*('>   to  t^(]Utpntenr   dfhPf    tt'in  t'qht  •] 

2        Ho<;s^M;eijfM:H)  p-urnoses 
'\.J^r    Rij' ^    .'I'  v^'ii:^">        jsprj  !n'liv''du:i!i\'  or  m  cofn^-'naliofi  ) 

i^.      'A'- '  rv^i  f.!r)t|  )Mr|  ioi^ru{Ki:it':  to  th*.^  instf  uctionui  1":!^  ■     l)Oiocj  ;>  r 'i  i 

-  r,  .  ^ ;  ^A'.»n  J- ifiL,  jfOL.nd  'rachme  tools  or  rot-itiPq  p';l  r  ,} 
L       'v'Hm  •  '  f-n '!  tri'y'fy  w'       v/orMn(]  in  the  sh(;f» 

'^l':?:,   ^  j   ^^nr^^  connuove  to  ^^dfe  biiop  i^rac'tr"-. 
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INFORMATION  SHFE^ 

C      Rotd'n  all  guam^  o  ui  b^iffuy  dt'Vices  cxcei.i  with  the  specific  authorization 
of  the  instructor 

D     Operate  a  hazardous  mdchme  oniy  after  receiving  instruction  on  iu3w  to 
op*jrate  the  macnme  satf-ly 

E      Renort  all  accidents  to  the  instructor  regardless  of  nature  or  seventy 

F      Turn  off  the  power  before  leaving  a  machine  tool 

G     Make  sure  al'  guards  and  harriers  are  m  place  and  adjusted  properly  before 
starting  a  n^achine  tooi 

H.    Disconnect    the    oower    from    maclime    tools    before    performing  the 
maintenance  t:jbK  of  oding  or  cleaning 

I       Use  a  solvent  only  after  determining  -ts  properties,  what  kind  of  work  it 
has  to  do,  and  hew  to  use  it 

J      Use  correct,  oroperiy  fitting  vvrenches  for  nuts,  bolts,  and  objects  to  be 
turned  or  held 

K     K  ep  thp  shoo  or  laboratory  floor  clear  of  scraps  and  litter 

L      Clean        any  sp.lieci  liquids  immediately 

M     Stor^  ni'y'  shop  tov^Pis  or  oily  waste  in  nietal  containers 

\     Clears  'he  ^h'ps  from  a  rrjchme  with  a  brush,  do  not  use  a  towel, bare  hands, 
or  compressed  ^air 

0     AU-vay?  weai  snfi 'y  glasses  W'.en  gnndinq,  buffing,  and  hammering 

P      ^r.  not  \\or^  ov-jrtirrie  in  the  -.nop  without  the  instructor  being  present 

0     *v\\    .sdts'ty  ^  'Of-nq  such  as  goqules,  gloves,  shoes,  and  aprons  when  welding 

R     Cof  '  ^!e!   the  safety  of  others  wher  working  ip  the  shop 

S      Rnport  any  conkiition  that  n^Kw  Icdd  to  an  accident 

T     VVjtcn  the  hu'ifi     hoard  l^'*''  Sd*f^ty  inforn^ation  and  not'ces 

U     C.)'^c^J^:  vOu%^'!*  tn  a  safe  t'ki  , former  at  all  tifTies 

v'     Do    o:  t.cr  ,v.'  ci!  i .  .joipct 

x 
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iNFOHMATlOM  SHbET 

X  Use  f)r()(.:?r  tools  jncj  f-Mi'jipirent  for  the  proper  job 

/  iVtM^  qlovf'S  vviien  handlinn  matpfid!  with  sharp  edges 

Z  0[)^m;}?    e(|'jipfiieni  mm\  machines  only  when  permitted  by  instructor 

AA  Do  ro\  (iisuacT  tht-^  dttention  of  a  niachine  operator  vvhile  working 

BB  ^/Ipke  sure  t'^'eryorie  is  clear  when  using  compressed  an  to  clean 

CC  Do  onSy  a{3(MOved  work  in  shop 

JD  Ch/^rk  j!l  f'qL;if)r:v.^nt  before  turning  on  switch 

l-t  l''0  .101  'v.  tiir  dark,  u^..  plenty^  of  light 

ff-  Ai:  rf  vo'Mii'i  '^iti'-^hMP  parts  S')puic!  be  well  guarded 

GCj  On   nor    rir,    over   extension   or  drop  cords  with   appliance  doily  or 

All  dLTirenu^  s' ould  be  recorded  tn  writing 
li      'A-i  i^jur.o^  :;mst  be  given  prompt  attention 
jj     [>'  net  'cj'/.^  tnoK  on  trie  fioo*^ 
.v- J?  i"^     ciifit  iin^nq  a  ciean 'and  orderly  shop 

: 'j'ji  netv  -i:-d  equipment  arrar.qed  to  permit  safe,  effiei^nt  vvor.k  pracr-crs 

B      '^jt'njis   .p'j  siipoiii-^  safe'y  slacked  or  stored  in  proper  pia-^e 

C      TrH,.',  :nd  .'CLH^sones  safely  stored  in  cabinets,  on  racks,  or  other  suitai^'.e 

,)  \\  ;  ar!<.  work  i)f:nrlv'S  ciear  anci  ttee  of  debris  and  other  hazvds 

F  s  <  ;  \M  r^ruj  ^:ce  from  ob'^trurtior^s  and  slifiocy  substances 

f-  Am^s  ".i^h,   u  MS,  nnd  exits  'ree  of  materials  and  other  'lebris  ^ 

{]  rr^,>.  ,  Ml  j'endls  p5()()er!y  diS[)osed  of  or  stored  in  a()f)rov-d  containers 


INi^OQMA^iON  SHEET 
P 

'       Studentb  wnrkiru}  tn  ti^.p  area  mstructpd  on  the  prof)er  firocedufos  to  follow 
in  keetJUKj  th(   art^a  c  iean  jnd  orderly  *• 

J      Sufficient   brooft^s,  t/rushes,  and  other  housekeeping  rquipment  ''eadiiy 
dvaitabln 

K.     Dnnking  fountain  and  wash  facrhti^s  should  be  kept  clean  and  neat  at  all 
times 

Vi     Classes  of  fires 

A     Class  A-  Fires  that  occur  ;n  ordinary  cjonnbustible  materials 
Exarn[)ip  Wood,  rags,  and  rubbish  ** 

B      Class  6  Firos  that  occur  wth  flammable  liquids 

Example  '        Gasolme,  oil,  grease,  paints,  and  thmners 
Class  C -Fires  that  occur  in  or  near  electrical  equipment 
Example  Motors,  switcnboards,  and  electrical  wiring 

D.     Cass  D  l;ifes'  that  occur  with  combustible  metals 
Example  rVragnesium 
Vll     Comuonents  of  t:'??  fire  triangle  (Transparency  1) 

A      Fuei--Any  combustible  materia' 

B      Heat  tnouqh  to  rai^-e  the  fuel  to  its  ignition  temperature 

•  C      Oxygen-  Necessarv  to  sustain  combustion 

(\'OTE  To  produce  fue  these  tlir^^e  elem.ents  are  necessary  and  ryiusc  be 
present  at  tho  sarru^  tim,j  If  any  one  of  tlie  three  is  missing,  a  fir^-  cannot 
be  started  With  ihe  r^^rnfival  of  anv  one  of  tliem,  the  ^'re  will  be 
extinguished  ) 

Vlll     Types       fire  extin/^iii^hor^  "ind  class  of  Fires  (Transparor    '  2^ 

A     Pr^ssunn^d  ^vat'^v  Or^f^rat^^s  usuaHy  by  squ^H»zing  a  handle       trigner.  used 
of  i  C'a^'^'  A  ^'ps 

B         '\.\  'tC'J  Oi^M  i^r^  |.y  tH-fMrf)  r-" «f 'Uiuisher  upside  dowr^    u^frt  Of)  Chs<^ 
A  tifcs 


iNf-ORMATlON  SHEET 


C      Curhon  citt}\itje^  ^C02/  Cjpetdt^'S  usudHv  bv  squeezinq  handle  or  tnaqer,  u'sed 
01^.  C!jss  B  jr.d  C  fires 

D     D\\  ch-  'nical  Oi-XTdtes  usujlly  bv  squee^iiiq  J  ^^andle,  trigger,  or  lever,  used 
or  Clj3S  B    C,  and  D  ft  res 

\NO'^E  On  Class  D  fires,  drv  sand  is  as  effective  as  any  dry  chemical  other 
than  Pur\)\c  X  The  cost  ut  the  Pur[)le  X  chemical  places  it  out  of  reach 
of  most  shops.) 

E      Foam  Ofx^rates  by  turo.oq  exiinquisner  upside  down,  used  on  Class  A  and 
B  firc^s 

;X     ^:<tops  to  he  followed  in  casi^  of  an  accident  m  the  refrigeration  shop 

A      H^.oort  jll  artM.ieiits  j.ul  injures  to  the  instructor  no  mjtter  how  iriincr 

'MtV    '"KiV  S^-'PT 

B      F.rst  nid  v;ii!  b^^  jc'ipi'^ •ste^'ed  if  needed 

Stuci^;nt  wiM  In^  r^^iken  to  scnoo!  nurse 

D     S'oHent's  pafeor  or  guardian. wiM  be  notified  if  school  nurse  requires  student 
10  sec  d  physic rm  "  ^ 

E      Accidf^nt  repott  ^orn'i  will  be  filled  out  by  instructor 

r      Invcstin.Aiori  of  the  acci^dont  will  take  place  to  deternune  the  cause  of  the 
ar,r:(jent  and  detfj^nme  ways  toV'^event  the  same  accident  from  happcnmn 

jgain 

X     JStr'^s  tor  iift'ni  hef^yv  obje«.  ts  (Transparpncy  3) 

A      Benn  kne^^f  * 
B      Kpop  back  straiq^L 


r 
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The  Fire  Triangle 


To  produce  fire,  three  things  must  be  present  at  the  same  time. 


OXYGEN 


2 
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If  any  one  of  the  three  is  missing,  a  fife  cannot  be  started  or,  with  the  removal 

of  any  one  ,  the  fire  will  be  extinguished. 


OXYGEN 


OXYGEN 


\ 


> 
O 
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Types  of  Fire  Extinguishers 
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GENERAL  SA: ETY 
UNIT  I 


ASSIGNMENT  SHEET  #1-DISCUSS  THE  STEfS  TO  BE  FOLLOWED 
IN  CASE  OF  AN  ACCIDENT 

Given  the  accident  below  discuss  the  steps  to  be  followed,  and  state  the  safety  rule  that 
would  have  prevented  the  accident  from  occurring. 

A  s'.udent  is  removing  a  sheet  metal  panel  and  cuts  the  palm  of  his  hand  to  the  bone. 
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Gh.JERAL  SAFETY 
UNIT  I 

ANSWERS  TO  ASSIbNMENT  SHEET 

Discussion  should  include 

1  Report  all  accidents  and  injuries  to  the  instructor  no  nnatter  how  minor  they 
may  seem 

2  First  aid  will  be  adnniinstered  if  needed 

3  Student  \v\\\  be  taken  to  school  nurse 

4  Students  parent  or  guardian  vviM  be  notified  if  schooi  nurse  requires  student 
to  see  a  physician 

5  Accident  report  form  wiH  be  filled  out  by  instructor 

6  Investigation  o*  the  accident  wiP  take  place  to  determine  the  cause  of  tlie 
accident  and  deitrmme  ways  to  prevent  the  same  accident  Irom  happening  again 

T^e  safety  ^u'^j  should  ne  stated  as  follows 

Wear  gloves  when  handling  material  With  sharn  edges 


r 
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GENERAL  SAFETY 
UNIT  I 


TEST 

Match  the  terms  on  the  right  to  the  correct  definitions. 

1. 
2. 
3 
4. 


a.  Immediate,  temporary  care  given  the 
victim  of  an  accident  or  sudden  illness 
until  the  services  of  a  physician  can  be 
obtained 


b.  State  or  condition  of  being  safe,  freedom 
from  danger,  risk,  or  injury 


Safety 
Accident 
First  aid 
0  S.H.A. 


c  Includes  any  suddenly  occurring, 
unintentional  event  which  causes  injury 
or  property  damage 

_d.  Occupational  Safety  and  Health  Act; 
federal  legislation  designed  to  insure  safe 
and  sanitary  working  conditions  for 
employees 


Match  the  colors  of  the  safety  color  code  on  the  riqht  to  the  correct  applications 
of  their  use 


a. 

Caution    and    for    marking  physical 
hazari^ 

1. 

Federal 

green 

safety 

b 

Location  of  fire  fighting  e(|uipment 

2. 

Federal 
white 

safety 

c 

Location  of  first  did  equipment 

3. 

Federal 

safety 

d 

Dangerous  parts  of  nacfiines 

orange 

e 

Housekeeping  purposes 

4 

Federal 
purple 

safety 

f 

Traffic  flow 

5. 

Federal 

safety 

Radiation  hazards 

b'ack 

6. 

Federal 

safety 

red 

7. 

Federal 

safety 

ERIC 
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ERIC 


3.       List  five  rules  for  personal  safety, 
a 
b. 
c. 
.1 
e. 

4        List  twenty  f've  rules  for  ^ereral  shop  safety, 
d. 
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n. 


u. 


5.        List  five  steps  in  maintaming  a  clean  and  orderly  shop, 
a. 


ERLC 


24  B 


Match  the  classes  of  fire  on  tfie  right  to  the  correct  statements  defining  eacn 
class 

 a    Fih^s  that  occur  vv/ith  flammable  liquids        1.       Cldss  A 

 _b.  Fires  that  occur  m  ordinary  combustible        2        Class  3 

materials 

3        Class  C 

 ^  c    Fkus  that  occur  m  or  near  electrical 

eauipment  4,       class  D 

d    Fires  that  occur  with  combustible  metals 


7        Ljbei  the  three  components  of  the  fire  triangle. 


8        r.lcUt  p  rht  tve  nr  tvoes  of  firr  e <tng»j}shers  on  tiio  r'qfil  to  tli*^  f^'ass  cJ  fi-'e 
thty  df^e  usf^fi  on 

^  fi    Clc^Sb  B  Pressuri/ed 

 __[)    Class  C  , 

2  CdrpfKi  dioxHit' 
 c    Ctass  A                                             ,  (C02) 

Ci:^S'.  D  '                                                   3  '   Dry  ch-m.'  i! 

4.  Sod  ^  'ind 

5  Foam 
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Select  the  steps  to  be  followed  in  case  of  an  accident  in  the  refrigeration  shop 
by  placing  an  "X"  in  the  appropriate 'blank. 


£  a.  Investigation  of  the  accident  will  take  place  to  determine  the  cause 

of  the  accident  and  deternnine  ways  to  prevent  the  sanne  accident  fronn 
happening,  again 

b.  Apply  a  tourniquet 


_c.  Student  s  parent  pr  guardian  will  be  notjfied  if  §chool  nurse  requires 
student  to  see  a  physician 

_^d.  First  aid  will  be  administered  if  needed 

"7 

_e.  Mouth  to  mouth  resuscitation  will  be  administered  in  all  cases 
f.  Student  will  be  taken  to  school  nurse 


g.  Student  wUJ  be  required  to  sign  an  insurance  release  fornn  before  he* 
can  be  attended  to 

_h.  Report  all  accidents  and  injuries  to  the  instructor  no  nnatter  how  minor 
they  nnay  seen 

i.    First  mop  up  blood  to  prevent  a  slick  spot  on  the  ftoor 


j.    Accident  report  fornn  will  be  filled  out  by  instructor 


10.       Select  the  proper  steps  for  lifting  heavy  objects  by  placing  an  "X"  in  the 
appropriate  blank. 


^a.  Bend  at  waist  and  i'ft  sfaight  up 
b.  Keep  back  ^^traight 

_c    Straddle  heavy  objects  before  trying  to  lift 


d.  Bend  knees 

_e.   Lift  in  a  quick  jerking  nnotion 


_^f.   Lift  gradually  with  leg  nnuscles 


11.       Discuss  the  steps  to  be  followed  in  case  of  an  accident. 

{NOTE:  If  this  activity  has  not  been  accomfDlished  prior  to  fie  test,  ask  your 
instructof  when  it  should  be  completed,)  ^ 
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GENERAL  SAFETY 
UNIT  1 


ANSWERS  TO  TEST 


1        a  3 

t)  1 


d.     4  •  • 

a      7  '  e      2  and/or  5 

b      6  f      2  and/or  5 

c     1  *g.  4 

d  3 

Any  five  of  the  fol'owirq 

a      Wear  sHop  clothing  aporopnate  to  the  "^structional  activity  being  performed 
h      Confine  long  hatr  before  operating  rotating  ecjuipment 
c      Always  wear  sa^et/  glasses,  use  suitable  helmets  and  go'qies  for  v^/elding 
d      ^!Mnov»-j  cies  /;hen   vorking  arouncl  macmne  too^j  or  ritatinq  equinMi?nt 

\jf  o\,  '  aU  met'i!  jev\elry  v-h^  n  vorkir.i  m  the  shop 
f       Conduct  yourself  <n  a  n^.anner  conducive       Sofe  shop  practices 

V^f-^  '>oac  anc:  wat^r  fre^uenth/  as  a  rreMivOd  of  pr^vent-ng  s'-m  irritation 
A^'V  t\<^'enty  five  of  ^h'^  foUovvinq 

u      Keep  al!  hano  tools  sharp,  clean,  and  in  safe  working  order 

b.      f^f'port  iny  defective  tools  machines,  or  other  equifiment  to  tfie  instructor 

'cMP  jH  guafds  and  safety  devices  excent  with  thp  specific  dutl^ori/ation 

nt  .i^M  tnstriictor 

^      On^r  jte  a  hazardous  rnaci  in^^  only  after  receiving  instruction  or.  how  to 

f 'Dcratp  tiie  r^nnch'ine  safely 
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R^^fxjrt   jh  nccul^n^'^  lu  i'rc  instructor  reqarutess  of  nature  or  seventy 
f;!?'!  t)ft  t      power  i)ef()fe  loavini^  a  rndchine  tool 

iV  :i'  ^  MJ{,'  .ill  ^;uafds  and  oarrie^s  are  ir  place  and  adji^sted  properly  before 
St  'Mind  a  f^iacl-^ini'  tool 

Discr.nn^M-t  (iip  power  from  machine  tools  before  performing  the 
■■sMeitr nd'^'v.i   .       of  oihnc}  or  cleaning 

ij'  ^     i^vvop*  only  uticr  virtcrrraninq  its  properties,  what  kina  of  work  it 
te  rjo    jnd  iiow  to  iiSe  tt 

Ust  iWwA  p'^of)erlv  fittir>q  vvrpncfies  for  nuts,  bolts,  and  objects  to  be 
*U'n-d  '^eic* 

s'"!op  or  labor 'tory  floor  clear  o^  scraps  and  l.tter 

C^'Wi        JM\  Si^illrcl  ' 'luuis  immed'ateiy 

V     •  ^    ,  ^Iio:;  t  i-ve's     oti-.  ^'^/dsU  'fi  rnetj!  containers 

1   ,  I       ' -.-io •  lOi  J  hit-e  U'lth  0  hrosfi,  do  not  use  a  towel ,  bare  hancls, 

•  ^^  CO.    " *  d  r 

-\''wv^  v\t*df  -tv      i^^'^e^  w^en  (jrtndir^Cj,  bu'finq,  and  fiammerinq 

.-1  ^  .  f  I-  .  iv'i-r  ti       ;i  *^v'  sh(;f)  wiii'out  tl^e  instHiCtor  >eint)  [irf>sent 

>    ,    *  •    •  -       ]  M't  fi  ^is  fj()'](|'    ,  ijloves,  ^noHS,  rir^c^  aprur-s  wheri  weldinq 

^  r '•   •'  •    s  .'fp,  of  f;fr  v^\r-r,  ^vorkinu       ti.,  c'^op 

^    ' r.M'i  th:*t  i  -'Md  to  dO  dtcident 
V..'%  T         {' iir-  o'»:  i  'or  Svi*»'tv      furnvitton  eiKl  notres 

[y   ^.;,'*         *  Ml  f)  -^iff^lil^^'  .Tian  "»r  ;n   all  tinn^s 

'  ,t  ^!   ''.uj,    iivi  ei.i.M  f'-'Uii   'or  ih<'  f.:nper  joh 

1^  .\ '  s  ;vjf^(ji|f  {)   rijf"r,jj  .,vph  sharp  (nlues 

'\ .  ,.wu'fO    J.  i'  •      *iif  1. only  vvtv     promoted  by  .nstftictot 
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Df^  not  (iistrart  the  attention  o*'  a  machine  operator  while  workinq 

t)b     \UWe  sure  evervone  .s  clear  when  usinr^  comp'essed  air  to  cean 

ci .    D'    oni«/  approved  work  in  shop 

del    Jneck  ali  equipment  before  tufnincj  on  switch 

ee     Do  not  work  m  the  dark,  use  ple'^ty  of  ligin 

[f    ^  X\  revoivtnq  maciitne  pdtts  should  be  well  gua'-cied 

'_iq     Do   not   run   over   extension   or  drop  cords  w^th   a[)pltrifve  doHy  or 
o.(  rof'd' 'ioner  can 

All  accidents  should  be  recorded  in  writing 
,(      All  injuries  n^iust  be  g.ven  pr-    ot  attention 
]j      Di;  not  leave  tools  on  the  floor 
Any  fi\'e  of  the  following 

a      Mjchinery  and  eqino^^ent  arranged  to  pern^iit  safe,  efhcent  vv^rk  practices 
i*na  ^ase  in  cleaning 

[)      '^latef.di-.  ancj  sunpnos  safely  stacked  or  stored  in  proffer  pla^^f-  

c      "^oois  and  accessorr^s  sa'etv  stored  in  cabinets  on  racks,  or  other  suitable 
'le^tcts 

_!       /jo^kinq  areas  doU  wod;  benches  clear  and  f^-oe      riphn^  and  oi^^f  j/'jrds 
e      •^loois  ci^an  and  ^'^ee  ^rofn  obstructions  and  bdif)|)ery  substances 
f       A.bV\,  ^rjf^'..  areas,  dPfi  exits  free  of  materials  aiui  other  cebns 
;       Co"U^ustit)!e  :n  Upriais  r-^  r>[}.^r!v  dis'josed  of  or  stor^^u'  in  aonro/ed  cOfiUiinefS 
'  /  \-  tj- .^!s  "vt^jte  i  in  jopro-'ed  fnetal  containers 

uj>'f.{   wchng  'n  trvj  airvi  tnstfucted  on  the  prooer  oi i)rti(i\T'.t  t(>  U)\\^m 
!•  I'et'tOiruj  tt  ^  rVf^a  cle^r  ar^d  ordf  dy 

,  ^,.»it    prr;on!S    hru'^^he^>     ^nd  ot'f'pr  h  )u^^^i' e' pmg  »'p'm{  ^     t  r^.^^diiy 

!•       C>  i ni]  ffji'MC'^n  unrj  wa>i^  firihttf^s  shnukl  be  k^^pt  cir  i",  .M.d  v  t  at  a'^ 
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3,   ra\  '3 
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SPECIFIC  SAFETY 
UNIT  II 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  list  specific  safety  rules 
pertaining  lo  the  re^r,gerat.on  trade  The  sttident  should  also  be  able  to  match  ampere 
figures  to  their  effects  on  the  human  body,  discuss  rescue  procedures,  and  identify  color 
coding  on  safety  signs  or  tags  This  know'edqe  will  be  evidenced  by  scoiing  one-hundred 
percent  on  the  unit  test 


SPECIFIC  OBJECTIVES 

After  completion  of  this  ur.it,  the  student  should  be  ^ble  to 

1  Tv^     ^  terms  associated  with  safely  to  the  correct  dofinitior.s  or  descriptions. 

2  List  the  SIX  classifications  of  ^^.cidents  m  the  refrigeration  s.«op 

3  List  electrical  safety  rules 

4  List  refrigerant  related  safety  rules 

5  Lr^  the  seven  highly  flammable  gases  used  in  this  trude 

6  List  saff?ty  rules  for  us'ng  the  air  acetylene  torch 

/  List    safety    rules   for  charging  or   discharging   fluorinated  hydrocarbon 
refr  igerants 

8  List  safety  rules  for  pressurizing  a  refngeration  system. 

9  List  safety  rules  for  handling  refrigerant  cylinders. 
10  Ijst  the  two  md\or  causes  of  electrical  accidents. 

'  I  i-i^t  ^'x  safety  rules  for  using  electrical  tools 

12  Matcli  ani[)ere  figures  to  their  effects  on  the  hum^n  body 


13 


[)iS(Uiss  rescue  procedures  'n  rase  ')\  electrical  accidents 


Identify  color  coding  or.  safety  tags  or  signs 
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SPECIFIC  SAFETY 
UNIT  II 


SUGGESTED  ACTIVITIES 

i  Instructor 

A     Provide  student  with  objective  sheet. 

d      Provide  student  with  inforniation  sheet. 

C     Make  transparencies 

D     Discuss  unit  and  specific  objectives 

E      Discuss  information  sheet 

F      Invite  resource  people  to  talk  to  class 

Examples        Ele-tric   company    reoresentative   or   an  air-conditionmg 
contractor 

G     Mave  students  simulate  an  accident  and  the  proper  procedure  for  handling 

H      Give  test 
II     St.  JJni 

A      Read  objective  sheet 
B      StiKi'v  information  sheet 
C      Take  test 

INSTRUCTIONAL  MATERIALS 

I      'f^clLirJcG  m  this  unit 
A      Objective  sheet 
B      information  t^heet 
C      Transparency  masters 

1  TM  1  Rescue  Procedure 

2  TM  2  "Do  \ot  Start"  Tag 


ERLC 
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3  TM  3  "Ddnfier"  Taq 

4  TM  4  "Cdiition"  TcK; 

5  IM      "Out       Order"  Tdfj 
L)  Test 

E      Af^svVt^rs  to  tt^st 
Rofer  ef  ices 

A      Lit'iiernidf.   '"i'    "Be  Av.jrf  of  Electricdi  Saff'ty  "  Rufnyeration  Service'  dnd 
CoDtrciCliFiM,     ily   197 1 

B      Fpderdi  Reqtst-  37    22239  22742,  October  18,  1972 

C      [)')ivfii'v»,         C    Rrtn(/t'ri)'}tb  jfid  Scrvu  r  Pomtcf  MdtiUc)!  Wilminqtun, 
Deldw<irr   Frrc)f^  Products  Division  E   i  Dupont  DeNemours  and  Co  ,  1970 


ERLC 
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SPECiFtC  ^A^^L  FY 

UiX'ir  I! 
l^^OR^:A■^ ;o^-'  shfet 

!      Ttrrn^  and  dehnitioriS 

A     S\)^-x\U^  sjfety  rules  Safety  rules  that  pertain  to  a  particular  ^trdde  or 
fjpef  atiof) 

B      Hvdroslattc  prossu^e  Pressure  created  in  a  vessel  by  overfilling,  which  could 
r^^Sult  in  the  vessel  exploding 

C      Fiuorinated    hydrocarbons-Group   of   refrigerants   which   are  nontaxic, 
f^oHHaniniable,  nonexplosive,  and  noncorrosive 

D      Tag -Safety'  sign  that  can  be  affixed  to  a  particular  osece  of  equ'pmeni 

E.     Amppre  -Unit  of  electrical  current  fiuw 

i^OTE    A  mi!i!d(nprre  would  be  one  thousandth  of  an  ampere.  The 
jbbreviation  for  ampere  '•s  annp.) 

F      Tox  c  Poisonous 

i'     C.a:>sirirjt!f)ns  of  aicdents  i.-"  the  refrigeration  shop 

A      injjnes  dur;  lo  mechanical  causes 

B      in{u''^;S  due  to  -^fectncai  shock:: 

C      1  ''luntjs  vJue  t(j  p'gh  p-^essure 

D      "jj-i^s  due  to  burn^  and  scalds 

E        \uiries  due  Uj  -xplosions  ^ 
^      J.v.jnes  due  to  breathing  toxic  gases 
H      t:  I^Ttr I'-.j'  sjfe^v  rul^'S 

A      Do  not  und''^''st.nvjt"  the  f)OtentkM  danger  of  a  110  VAC  circuit 

B      df'    d'H^hi  ,'ro,]M(j  plf'ctru    .fcs  because  the/  can  cause  baci  burns  to  skin 

''''^J^'b.  '   I  '  nvyciiuntdry  rpdction  to  electric  shocf^  tan  ( -aJS^^  you 

'•»!''''    rOiTs-i^  ,jM,]  pM^sibiy  others 

»v<  ^     '  f      jit,  only         n  ^'ioO'ut*'"/  nfce-ssary 


3G  B 


F       h  \r 


^.  cnnCi'u'i  t>Mv>re  fUi^ininq  th^ri^  over  refnoiTdrn 


r.  -  i^^i.^Mv'^  s:;'f  ices  .v^en  A'Cjr"k'ng  on  hve  c'Clus 

,      J-  'or  V  .»!t       botoie  Uni.v;  an/  service,  work 

i./i-    i!'  "i-i^'^-'    i.';rur:nr.^cts  when  workm^j  on  hvf^  circu'ts 

'J  M  \  .      '    •  h  'S' crUering 

.    ^1  ^  t.s^^'  J^'  c/f inciter 

i     "  '  '    1  r,  I'  i-'^cint  Itnder 

•  *        .  >  c.*          If  'i  -^ff- iq'T.ilior  system         to  rnoisc;^-'  or 


It  ;s  rtCfSbdT/  to  so'id<T  cf;- p 


*  .1  ..dr-  o^  J  hne  vv-;ie  there  ,s  prr..s'i< 
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INFORMATION  SHEET 

M     Bjck  stMT  vdlve  stents  before  rennoving  gauge  port  caps 

N      Nt'y^^r  ljs<-  cjrbori  tetrcJchioncJe  as  a  cleaning  solvent  because  it  is  extremely 

tOXiC 

0     Use  naptha  I'^yith  a  fugh  flash  point  of  lOO'T  or  more  for  cleaning 

P      Ftuorinated  hydrocarbons  are  nontoxic  in  moderate  amounts  unless  in  the 
presence  of  a  fian^.e  or  high  temperature  surface 

Q  Do  not  inhale  refngerants 

R  A'wd/s  remove  the  door  from  discarded  refrigerators 

S  Never  discharge  compressed  gases  toward  an\'  perion 
V     Htchly  fLimmable  gases  used  m  the  trade 

A  Propane 

B  P''uf)y'ene 

C  Ftfiane 

D  Ethyle.^f 

F  \  i  Than  l- 

vl      Sj^-'lv   ''/w''-y         nsiM{]  thr'  diriicMV'ene  tench 
A      A'/.cjvs  iise  a  rngtikitor 

C       Lifj'"^^  '(,'(,^)  witf,  stni-'^'f 

I)  f    'Vi.Mdrr    )'Mv  Mr^p  (^ujrier  o*^  d  turn 

f       A       >s   '  t    /r.^;^>r  no  j^iinst  '^ornet^^iru]  to  pr^^vent  it  from  beinq  jccidentl\' 

f"       0'^  ri  M  n         h  ')ri       ' -ressi iri/f'd  SystPrn 

'        ^A''       'v'"'n'  tr.rrhPs        i '^jinmonly  refewed  to  as  Ofestr)iite  torches  ) 
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INFORWATION  SHFFT 

Vll     Sdfeiy  rules  for  chdrginu  or  discharr^iog  fluormated  hydrocarbon  refrigerants  N 

A     B(-  jWcKt^  that  any  '<-KiS  under  oressure  can  be  hazardous 

8      Do  not  ref'll  d'sposab'e  relrigerant  cylinders 

hdv«'  adp(|Udi^:  ventiijtion  when  purging  refrigerants 

D      Do  nut  ti':>chjrge  tiLionn.^^^d  hydrocarbon  refrigerants  into  dn  open  fiarne 
because  thiS  ^vi!'  create  harmful  ohosgene  gas 

t      i\evcf  spray  hc|uid  refrigerant  directlv  on  the  skin  because  this  will  cause 
a  bad  burn 

(:\lOrF_    }f  MoU'd  fpfngerapt  is  sprayed- directly  on  the  skirn  or  ir»  the  ey^s, 
t'ubh  vw         vv.tii  cold  water  and  get  treatment  ) 

f      iVever  dppiy  J  t:>rcfi  to  d  refrigerant  cyhndef 

G      "Js-^  d  c'oth  around  the  hose  fiitings  wnen  removing  them  from  a  pressuri/:ed 

Vill     ?.d'^t.   ruit'S  for  [>ressj: izino  a  refrigeration  system 

A     "Jeve"  ub^^  ux  v'.jen  ur  areiylene  to  pressurize  a  system 

'^;OTE    Oxygen  wi's  exolode  on  cor^act  witfi  oil  Acetylene  will  explode 
jf.nof  u'^_^vj.irf^  unless  dissolvjd  in  acetone.) 

3  "s.^  _i'v  ^^itrij-i^n  without  :^  regulator 

('JOTh    '^:"r{-)(ien  CN.!ir,ders  contc^»n  pre^:>ures  in  exc^^ss  of  2000  pounds  per 
souat if       ( 0  s  I  / 

C.     '.^v*'-   apply  hi^'iT  to  a  prA*;q{^ri/pd  cylind'-'r  which  could  cause  a  rise  in 
ur-'ssijrt^  r-^Siiitinq  in  an  explosion 

U      'gpv^M  pM^^sMM,^'  reffiq-^rafit  systems  over  150  pounds  per  Sf:uare  inch  gauqo 

'])  \  \     I    'ur i?^g  a  test 

iX     Gafet,   ruie-".  ^Jr  hjfvihnq  f^'^riqerart  cylinders 

A      D'j  'lot  dror  ':ytindp'- 

B  r^n\  r  .^;!  u,s(uj>(JO:^    ^ofriqcrant  cy''  *u<hs 

C  Pi'!  n*  **  '/''f,u'*rs  vMth  a  *orch 
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iNFORMATiON  SHEbT 

F-      Do  n  n  'n^>jU:  retnqoi ara 

G      Do  fiot  spri^v  rtJ^riger^^nt  tnto  open  fame 

H      Do  not  nix  re+riqerants 

I       R.^pic.  -J  Cylinder  cap  when  not  in  use  to  protect  valve 
J.      Do  not  lift  or  carry   :yltnder  by  valve 
K     St^rjre  large  cyiinders  to  wall  or  bench 
L      Have  adrquate  vf^n illation 

M     Remove  vjiv^j  or  OLincture  cylinder  when  discarding  disposable  refrigerant 

cy  liodcTS 

X  r/!3!or  cjiist.»s  f)^  elect*. ca;  accidents 
A  Car^Mp'^^f^ess 

B  Viicuse 

XI  Sa^e^/  rules  for      nq  eiectr-cal  tools 

A      ^•-d.'^''  d  yrour  d  on       oower  tools 
B      Ust.'  .iropPi  size  t^iectr'rai  cord 
0  i..'oper  nunrds  on  tools 

D     Do  i'^ot  Lse  tools  vvith  fraved  or  damaged  cord" 
F      St-^n(i  on  drv  nonconduci've  SL:rfaces  when  using  electrical  tools 
F      W^ar  eyj  protect'orT 
All      Ar[iDeiL:>  and  th-'>r  effects  on  the  human  body 

.NHTF   Curr-"^rit  ^      r^M^uViifieres  One  ampere  is  equa'  to  1,000  milliamperes.) 
A      I  fss  t^\)M    5  r^;.ifijrnps  No  sensatio^'. 

2  ij  10         Jr^jj-.  \iu>fu'ar  (ontract'on 
•J      5  to  25  ^-^li'ijf  p'   f^'iina'l  s^vjck,  'nabJuy  to  let  co 
I  .  ,'-  j:;.  Vi'. ''M  •MUS(^i;iu!  coniM^i'on 


i^f-ORWATION  SHEET 

E      bO  tw  /OO  mii'uifv.fi.  HtMrl  Lonvulsions,  death 
r      LKi^<   100  rii.l!iJMp>  Pjfaivsis  ui  breathing,  burns 
XI }i     ^^esv^u^-  •    I'tdure  m  (/!ec:rica!  accidents  (Transpdiency  1) 
A      L  >jatL  \\vv  v/i"'  jnd  disconnect  ff  possible 

B      tjecide  .f  il  wom'o  be  -.j^j^r  to  move  the  person  or  the  conductor 

(f.AlJT  IOr'>j  It  conductor  is  to  be  moved  use  dry  iimb  or  some  other 
^'orvonductive  device,  if  the  individual  is  to  be  moved  use  several 
■.'.tckrit'sses  of  pci,)i?r  or  cloth  as  an  insulator.  Do  not  take  hold  of  person 
vvi^h  vour  Dare  hand.) 

C      Sf'pafOtP  victin'  ant!  conductor 

AlV     Coiv:r  cod.'K^  v)f  .  ifety  '.^^^is  c  siqns 

A.     "Do  r.or  start"  taq  or  siyn  (Transparency  2) 

1  VVh;te  tu'j  or  sion 

?         \^'Vh(tH'  iplters  on  red  square 

?.       *Ju-i-](r"  'jq  or  sign  (Tr.  nspar*^nry  3^ 

1         Whit '  laL,  or  suin 

'//'t^ite  IfM^r^rs  on  red  oval  witi.  a  b'ar^'  squar. 

^       ■■  .it.t.on"  t  .11  o>  siQn  {Transparency  4) 

1  Y-how  uq  or  Shin 

^  T'nSUjvv  iet'^-rs  o^^.  black  y  ua^e 

0      '  >jf  ufc^^f  '  ^aq  of  sign  (Transparency  5) 
{  Wr?ite  toq  Siqn 

2  Vv'nii.   'tn*'^'s  .'I  ijlack  square 

:^()IF    ■^li.  .:>')lo'  t.'  '■•■)  -o-   >  ocrmanerr  ->ign  is  t'"'  same  as  tlu'U  U)r  c-  taq) 
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Rescue  Procedure 


To  move  a  victim  away  from  a  live 
eiectrica!  circuit  use  a  nonconductor 

such  as  a  lony  dry  woodeii  or  plastic  po(f 
or  a  very  dry  tree  branch. 


if 


Dc  Not  Start"  Tag 


White  Letters 


Red  Square 


White  Tag 


ERIC 


Danger"  Tag 

White  Letters 
Red  Oval  - 

Black  Square-^ 
White  Tag 


Caution"  Tag 

Yellow  Letters 
Black  Square^ 

Yellow  Tag 


] 

* 

CAUTION 


Out  of  Order  Tag 

White  Letters 
Black  Square 

White  Tag 


OUT  OF 
ORDER 
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SPECIFIC  SAFETY 
UNIT  II 


TEST 


Watch  the  terms  on  the  right  to  the  correct  definitions. 


J 

Unit  of  electrical  current  flow 

1, 

Toxic 

 b. 

Group     of   'refrigerants    wnich  ars 

«  2 

Tag 

nontoxic,  nonfiamnnable,  nonexpiosive, 
and  noncorrosive 

3. 

Fluorinated 
hydrocarbons 

Poisonous 

4. 

Specific  safety 

 d. 

Pressure  created  m  a  ver.el  by  ovc. filling, 

ru^es 

which    cojld     result    in^  the  vessel 
exploding 

5 

Hydrostatic 
pressure 

e. 

Safety  5ign  that  can  be  affixed  to  a 
part.cular  piece  of  equipment 

6, 

Ampere 

f 

Safety  rules  that  pertain  to  a  particular 
trade  or  operation 

L'bt  the 

SIX  c»assif»cations  of  accidents  in  the  re 

frioeration 

shop 

3        List  ten  e'f'ttrica!  s^n'ety  ru:f^s 
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d 
e 
f 

1» 


!  M  u  1  'r'-r  yp'ant  rnidred  safetv  ''ules. 


ACR  I  -  53-B 

6.  List  four  safety  rules  for  usmg  the  air-acetylene  torch, 
a. 

b. 
c. 

d.  - 

7.  List  five  safety  rules  for  charging  or  discharging  fluprinated  hydrocarbon  * 
refrigerants.  , 

a.  .  ^ 

b.  ' 

0. 

d. 

8. 

8.  List  threp  safety  rules  for  pressonzmg  a  refrigeration  system, 
a. 

b. 

9.  List  eight  safety  ^  '^eG  for  handler,  refrigerant  cylinders, 
a. 

1 

c. 

d  '  - 

h.  ■  * 
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10        List  \ne  two  m-Jior  causes  of  elertrica!  accidenW 


11         LiSt  SIX  safety  ruies  iof  usioa  electrical  tools. 


''^  the  cjrrpcrc  Tujures  on  llie  nqht  to  ifiPir  effects  ofi  the  humjn 
a    Pdinlu)  slock    (tvjbihty  to  let  ao  1         Over  25  fTtl!!ldl'■;^.^ 

h    Vioipnt  o^ijccLilar  contrdction  2         ^        2r^  n-^iJijr'U' > 


-     r^i'iS^,ijij:   CorUr  action 


4  .  L  '■;s  than  ^  -vImj 
E)  y.    to    lO  rn.i'uj'^^p  , 

G  :)0        :()0  :  Ml!! 


\ 
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ERIC 


SPECIFIC  SAFETY 


ANSWERS  TO  TEST 


1.       .)  G 


\ 


(I  b 

e  2 

f  4 

0 

7  cj  if^junes  du"  tu  n>echai.ica'  causes 

,   L  Injuntb  die  to  electrical  shocks 

t 

'i 

d  i'^jijfi^s  t'uo  to  ^)ijrns  an-j  scci^Js 

.'"ijijrtts  du'j  to  e\[;losiO[iS 

T  i'  |i,r.ts  d      10  t)rejtriin{_]  tox'c  qases 

Af~>  tefi  t;:  it>?  foilovjn-j 

1  ,t  L.Mrj^re.aifOtitt^  ^[i.'  p'jrer  t!jl  danger  of  d  110  VAC  circuit 

p  B^'  r^iit^'  ,1  arounj  fit*^(  tnc  arcs  h-^cajse  they  can  cause  bad  burns  to  skm 

f  f'f'f'ir ^hdt  tht»  mu)hin\j{>'  reaction  to  ^d<ict^lr  s^iock  can  cause  you 
IC'       'iff^   y'our^eif  ano  ;}c;^:>i[jlv  others 

;      \\  )d'   OP         i,''C''-'ts  oniv  /d^'pn  a[:)sn'. iteiy  noct^ssc^ry 

P.'f  j      to  ir i'l  '  (]{]iprnt_ nt  thu  ^v'M  overiMjrj  f<  circuit 

t        \H,Mf  an  -^'i' t  t.  K,ai  , ot*-'CtiV'^  U-'vk  ^ 

f'f  ,     ^!  jSi'     ill  n  if,,ii    I  'f^', 

[,       Cw..',"  J,  :cc.'  v'v!''       n*^  (t>t/iu.l  l)'dorf'  I'lf  ni'Mj  fiu  fn  ()V''f  n'ticj^^fdnt 


\  K  f] 
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j.  Stand  on  dry  nonconductive  surfaces  when  working  on  live  circuits 
k.  Check  all  circuits  for  voltage  before  doing  any  service  work  ^ 
i,  '    r.Ki  an(i  lock  all  electrical  disconnects  when  working  on  live  circuits 

Any  ten  of  the  following: 

d      VentiTdte  a  qdb  filled  room  before  entering 

b      Do  not  overfill  a  container  because  this  may  cause  an  explosior. 

c      Do  not  pump  liquid  refrigerant  in  a  compressor  becjse  this  may  cause 
^     the  compr^'ssoi  to  explode 

d      N'-^'ei  »(*^tl  d  disposable  refrigerant  cylmder 

TNTtver  put  a  fame  on  a  refriqerant  cylinder 

t.      Be  Cviroful  Of  acrds  created  in  a  refrigeration  system  due  to  moisture  or 
roiipr^'SSOf  burnout 

^\  Nevr.j    i^jf)!\  a  torch  to  a  pressurized  system 

n  Do  Tirt  usp  retriqerant  hnes  as  supports 

:  ■!  iboct  rt't'^!  ?tTa{U  linr»  flares  bofore  using 

]  Wv-nt>ct  di!  p.essurp  yauqe  hoses  ancJ  connections  before  using 

\  V      sjf.'^,  ,}ldS'^.^«  vvhen  wor^TH]  wiifi  refrigerants 

1         ,  >      o  -M,'      ?'  fnqerd.it  cyimdei  above  125T 

!    .      ^  si^'^'M:.  before  rerrio^yma  gauge  port  caps 

r  t\t'V"r  :.st  (diboD  reu HCf'iloridc  as  a  clf.aning  solvent  because  it  is  extremel^^ 

o      Use  «>c{p;n  .  a  higfi  flash  point  of  100' F  or  more  for  cleaning 

p      FiMorf'nted  fi vd'ocarbons  are  nontoxic  in  moderate  amounts  unless  in  the 

pfpvnce  <)\  J  n.iine  or  high  temperature  ^urf.ice 

(\      Di"»  rid!  in'iair  rf^^ri'ie rants 

r  Aivv^vs  i^niiove  the  door  from  discarded  refrigerators 
s.      i>]"v«^f  diDcl'j.ge  cornpM  s^jed  rjuses  toward  any  person 
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5.  a.  Propane 

b.  Propylene  . 

c.  Ethane 

d.  Ethylene 

e.  Methane 

f.  Isobutane 

g.  Acetylene 

6.  Any  four  of  the  following: 

a.  Always  use  a  regulator 

b.  Wear  colored  safety  glasses 
c  Light  torch  with  striker 

d.  Open  cylinder  only  one-quarter  of  a  turn 

e.  Always  set  cylinder  up  against  something  to  prevent  it  from  being  accidently 
knocked  over 

f.  Do  not  use  a  torch  on  a  pressurized  system 

7.  Any  five  of  the  following:  ^ 

a.  Be  aware  that  any  gas  under  pressure^can  be  hazardous 

b.  ^Do  not  refill  disposable  refrigerant  cylinders 

c.  Have  adequate  ventilation  when  purging  refrigerants 

d.  Do  not  discharge  fluormated  hydrocarbon  refrigerants  into  en  open  flame 
because  this  will  create  harmful  phosgene  gas 

e      Never  spray  liquid  refrigerant  directly  on  the  skin  because  this  will  cause 
a  bad  bum 

f      Nevei  apply  a  torch  to  a  refrigerant  c'ylinder 

g.  use  a  cloth  around  the  hose  fittings  when  removing  them  from  a  pressurized 
systerri  or  cylinder 
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^Any  three  of  the  following: 

a.  Never  use  oxygen  or  acetylene  to  pressurize  a  system 

w  •  ♦ 

b.  Nevep  use  dry  nitrogen  without  a  regulator 

c.  Never  apply  heat  to  a  pressurized  cylinder  which^  could  cause  a  rise  in 
pressure  resulting  in  an  explosion 

« 

d.  Never  pressurize  refrigerant  systems  over  150  pounds  per  square  inch  gauge 
(p.s.i.g.)  during  a  Jeak  test 

i 

Any  'eight  of  the  following: 

a.  Do  not  drop  cylinders 

b.  Do  not  refill  disposable  refrigerant  cylinders 

c.  Do  not  heat  cylinders  with  .a  torch 

d.  Secure  cylinders  in  a  moving  vehicle 

e.  Do  not  spray  refrigerant  on  skin 

f.  Do  not  inhale  refrigerant 

g.  Do  not  spray  refrigerant  into  open  flame 

h.  Do  not  mix  refrigerants  ^ 

I.  Replace  cylinder  cap  when  not  in  use  to  protect  valve 

J.  Do  not  lift  or  carry  cylinder  by  valve 

k.  Secure  large  cylinders  to  wall  or  bench 

L  Have  adequate  ventilation  '       "  • 

m.    Remove  valve  or  puncture  cylinder  when  discarding  disposable  refrigerant 

cylinders 

a.  Carelessness 

b.  Misuse 

a.  Have  a  ground  on  all  power  tools 

b.  Use  proper  size  electrical  cord^ 

c.  Have  proper  guards  jn  all  tools 

d.  Do  not  use  tools  with  frayed  or  damaged  cords 

e.  Stand  on  dry  nondonductive  surfaces  when  using  electrical  tools 

f.  Wear  eye  protection  ^ 

r 
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12.  a.    2  d.  4 

b.     1  e.  •  5 

.     c.    6  f.  3 

13.  Discussion  should  include:  ^ 

a.  Locate  live  wire  and  disconnect  if  possible  - 

b.  Decide  if  it  would  be  easier 'to  move  the  person  or  the  conductor 

c.  Separate  victim  aod  conductor 

14.  a.        1)  White  tag 

2)  ^  White  letters 

3)  Red  square 

b.  .        1)  Red  ou9l 

2)  White  tag 

3)  White  letters 

4)  Black  square 

c.  1)  Yellow  tag 

;2)  ,    Yellow  letters 

3)  Black  square  , 

.  d,        1)  White  tag 

2)  White  letters 

3)  Black  square 


\ 
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HAND  TOOLS 
UNIT  I 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  identify  the  basic  hand  tools 
used  in  the^  trade.  The  student  shouJd  also  be  able  to  demonstrate  the  proper  use  and 
care  of  these  tools.  This  knowledge  will  be  evidenced  through  dernonstration  and  by  scoring 
eighty -five  percent  on  the  unit  test.  X 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  witK  tools  to  th^  correct  definitions  or  descriptions. 

2.  Identrfv  the  basic  hand  tools. 

3.  Select  the  approptriate  tool  from  similar  groups. 

4.  Discuss  the  proper  care  of  hand  tools. 

5.  Demonstrate  the  ability  to: 


a.  Grind  a  flat  tip  screwdriver. 

b.  Grind  the-  head  of  chisel  or  punch. 

c.  Sharpen  a  chisel. 

d.  Cut  exte^-nal  threads. 

e.  Cut  internal  threads. 
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•         UNIT  I 

SUGGESTED  ACTIVITIES 

Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  mformation  and  job  sheets. 

C.  Make  transparencies, 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and'  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Show  students  actual  tools. 

H     Demonstrate  use  of  the  grinder. 
I.      Demonstrate  grinding  a  bevel. 
J      -];ve  test. 
Student: 

A     Read  objective  sheet 
V 

B.     Study  mformation  sheet. 
C     Complete  job  sheets. 

D.  Complete  activities  assigned  by  instructor. 

E.  Take  test 

INSTRUCTIONAL  MATERIALS 

Included  m  this  unit 

A,  Objective  sheet 

B.  Information  sheet 
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Transparency 

masters 

1 

TM 

1  Screwdrivers 

2. 

TM 

2  Wrenches 

3 

TM 

3  Phers 

4. 

TM 

4  Hammers 

5. 

TM 

Punches   Chisels   and  Bars 

6. 

TM 

6 -Flies 

7. 

TM 

7  -Socket  Sets 

8. 

TM 

8--Tubing  Tools 

9. 

TM 

9--Arrpssor\/  Hand  Tools 

10. 

TM 

1 0--Threadina  Tools 

Job  sheets 

1 

Job 

Sheet  #1--Grmd  a  Flat  Tip  Screwdriver 

2. 

Job 

Sheet  #2 -Grind  the  Head  of  Chisel  or 

3. 

Job 

Sheet  #3--Sharpen  a  Chisel 

4 

Job 

Sheet  #4  Cut  External  Threads 

5 

Job 

Sfieet  #5- Cut  Internal  Threads 

E  Test 

F '     Answers  to  lest 
II.  References 

A.  Althouse,  AnUrew  D  ,  Turnquist,  Carl  H.;  and  Bracciano,  Alfred  F.  Modern 
Refngpmtiof}  jnd  Air  Cofiditinning  Homewood,  Illinois:  Goodheart-Willcox 
Co  ,  1975 

B  Krar,  S,  F  ,  Oswald,  J.  W.,  and  St.  Amand,  I.  E.  Machine  Shop  Operations. 
New  York,  New  York    McGraw-Hill  Ryerson  Linnited,  1975. 
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HAND  TOOLS 
UNIT  I 


INFORMATION  SHEET 

I.  Terms  and  definitions       ^  ,  ^ 

^      A.    Hand  tool-Tool  which  is  hand  held  and  is  not  electrical  or  specialized  / 

(NOTE:  The  nnajority  of  the  repair  work  done  in  this  trade  is  done  with 
hand  tools.) 

B.  Specialized  tool -Tool  designed  for  a  particular  use 

C.  Screwdriver-Tool  designed  for  tightening  or  loosening  a  screw  or  bolt  with 
a  recess  opening  in  the  head 

D.  Wrench-Tool  designd^  to  tighten  or  loosen  a  hex  head  bolt  or  nut 

(NOTE:  Pipe  wrenches  are  in  this  group  and  they  will  fit  shaped  surfaces 
other  than  hex.)  ' 

E.  Pliers-Tool  with  adjustable  jaws  used  for  gripping 

F.  Hammer-Tool  designed  to  drive,  pound,  flatten,  or  shape  an  object 

G.  Files-Cutting  tools  consisting  of  various  sizes  and  shapes  which  are  pushed 
across  a  piece  of  metal  to  bring  it  to  the  proper  dimension 

^  (NOTE:  Single  cut  files  are  sometimes  referred  to  as  mill  files.  Single  cut 
and  double  cut  files  are  both  divided  mto  three  grades  of  coarseness  referred 
to  as  bastard,  second  cut,  and  smooth.) 

H.  Swage-Fniarging  of  one  end  of  a  tuue  so  that  the  end  of  another  tube 
of  the  same  size  will  fit  into  it 

I.  National  Fine-Type  of  thread  used  for  precision  work 

J.     National  Coarsef-Type  dt  thread  used  for  general  purpose  work 

II.  Basic  hand  tools 

A.    Screwdrivers  (Transparency  1) 

1.  '     Standard  slot 

2.  Phillips 


ERLC 


i04 


6C 


INFORlVIATION  SHEET 

3.  Clutch  head 

4.  Stubby 
^  5.  Offset 

8.    Wrenches  (Transparency  2) 

1.  Open  end 

2.  Box  end 

3.  Combination 

4.  Adjustable  open  end 

5.  Pipe 

6.  Flare  nut 

C.  Pliers  (Transparency  3) 

1.  '  Shp^  joint 

2.  Slip  groove 

3.  Long  nose 

4.  Diagonal  cutters 

5.  Plier  wrench 

6.  Pinch-off 

D.  Hamnners,  (Transparency  4) 

1.  Ball  peen 

2.  Soft  face 

3.  Sledge 

4.  Claw 

E.  Punches,  Chisels,  and  Bars  (Transparency  5) 

1.  Pin  punch 

2.  Center  punch 
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M 

9 

3. 

Flat  'chisel ' 

4. 

Pry,  bar 

5. 

Scratch  awl 

Files '(Transparency  6) 

1. 

'  Flat 

2. 

Half  round 

o.-- 

Round 

A 

Prkint 

b. 

Slim  taper 

6. 

Handle 

Socket 

sets  (Transparency 

1. 

Ratchet  handle 

2. 

Socket 

Deep  socket 

4. 

Hinge  handle 

5. 

Extension 

6. 

Speed  handle 

7. 

Universal  joint 

H.    Tubing  tools  (Transparency  8) 

1.  Flaring  tool 

2.  Tubing  reamer 

3.  Flare  block 

4.  Cutter 

5.  Double  flare  punch 
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^  6.       Swage  punch 

7.  Lever  type  bender  • 

8.  BelYding  st)ring 

1.  .^   Accessory  hand  tools  (Transparency  9) 


1, 

Wire  strippeJ^ 

2.  • 

jDrop  light 

3^ 

Oil  can 

-4. 

,  '  Hack  saw 

5. 

Screw  starter 

■6. 

Safety  glasses 

?. 

Nut  drivers 

8. 

Level 

'  9. 

Hex  key  wrench e? 

J      Threading  tools  (Transparency  10) 
1.  Tap 

2        Die  ' 

3.  Die  stock  . 

4.  T-Handlj  tap  wrench 

5.  Hand  tap  wrench 

IN.    Hand  tool  use  ' 
A  Screvydrivers 

1.  *     Standard  slot-For  tightening  or  loosening  bolts  and  screws  with 

a  slot  type  head 

2.  Philltps-For  tightening  or  loosening  bolts  and  scr'^  vs  witn  a 
jhijlips  type  head 

(NOTE.  Use  proper  size  to  prevent  rounding  out  screw  slots.) 
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Clutch  head--For  tightening  or  loosening  a  clutch  head 'bolt  or 
screw         -  V 


(NOTE.  The  bhde  nnust  ^it  the  sqrew 
prooerly.) 


rew^ot  in  o^'de'' 


to  function 


Stubby -For  working  in  close  places  where  a  Jonger  blade  would 
not  fit 

Offset-For  working  in  extrehiely  close  places 


B,  Wrenches 


Open  end-For  tightening  or  loosening  hex  head  bolts,  nuts,  or 
scews 

Box  end-Fo   tightening  or  ioosening^hex  head  bolts,  nuts/ or 
screws,  bu    is  less  likely  to  slip  off 

Combmation--F  jr  tightening  ox.  loosening  hex  head  bolts,  nuts, 
or  screws  -  * 

(NOTE:  This  wrench  has-both  an  ppea  end  and  a  box  end  and 
it  enables  you  to-.carry  a  fewer  number  of  wrenches.) 

Adjustable  open  end-For  tightening  or  loosening  various  sizes  of 
hex  and  square  head  nuts,  bolts>  and  screws 

Pipe-Prinfiarily  for  tightening  or  loosening  roun,d  pipe  or  other^ 
rounded  Surfaces 

(NOTE:  This  wrench  will  adjust  to  fit  various  size  surfaces  and 
it  also  has  teeth  to  prevent  slipping.)  }  -I 

Flare  nut--For  tightening^  or  loosening  a  flare  nut;  it  has  a  box 
end  with  a  notch  cut  out  so  that  it  can  be  slipped  over  the  tubing 


C.  Pliers 
1. 


Slip  joint-For  holdirrg  or  turning  a  part  where  marring  of  the 
suKace  is  not  a  problem 

(NOTE:  Pliers  should  never  be  used  in  place  of  a  wrench.) 

Slip  groove-'For  the  same  purpose  as  slip  joint  but  the  jaws  will 
generally  open  wider  and  the  handles  provixle  more  leverage 
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3.  Long  nose-For  holding  or  reaching  small  items 

Example:        Holding  a  wire  terminal  while  soldering  a  piece  of 
wire  onto-  it 

4.  Diagonal  cuttcrs-For  cutting  wire 

(NOTE:  Thdse  should  not  be  used  for  tin  snips.)" 

5.  Plier  wrench  -For  an  excessively  tight  grip;  it  has  a  locking  lever 
to  pre»/ent  slipping 

(NOTE:  These  are  commonly  ceferred  to  '^^^  vice-gfips.) 

6.  Pinch-off  -For  crijnping  refrigeration  tubing" to  prevent  the  loss 
of  .refrigerant  while  it  is  bein^  soldered  or  brazed  * 


D.  ^Hammers 
1. 

2. 


ERLC 


Ball  peen-'For  hammering  on  metal  tools  such  as  punches  and 
chisels  : 

Soft,  face --For  hammering  on' or  driving  matenais  that  a  steel  face 
Hammer  would  mar  or  break 

INOtE:  Soft  face  hammer  faces  are  made  of  plastic,  rubber, 
ravi/hide,  copper,  lead,  or  wood.) 


3.  Sledge-Fcr  breakmg  and  pounding;  it  is  heavy,  long  handled,  and 
has  a  sieel  face 

i 

4.  Claw- Generally  for  driving  and  pulling  nails 

E.   Punches,  Chisels,  and  Bars 

1        Pin  punch--For  driving  both  straight  arid  tapered  pins  in  or  out 
of  hubs  and  shafts 

'  0 

2.  Center  punch-  For  making  indentations  in  metal  for  starting  a  drill 

3.  Flat  chisel  -For  cutting  off  bolt  heads  or  splitting  nuts 
(NOTE:    A  flat  chisel  is  sometimes  referred  to  as  a  cold  chisel.; 
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4.  Ppy  bar-Generally  for  jobs  that  require  prying  an  object  into 
alignment 

5.  Scratch  awl-Generally  for  scratching  a  line  on  metal,  making 
screw  holes  in  sheet  metai,  and  for  aligning  screw  holes 

F.  Files 

1.  Flat--For  smoothing  metal    jrfaces;  it  is  a  double  cut  file 

2.  Half  round-For  filing  rounded  surfaces  on  metals 

3.  Round-Generally  foff  enlarging  hroles  in  metal 

(NOTE:  Round  files  taper  to -a  point  and  are  sometimes  referred 
^  to  as  "rat  tail"  files.)        ■        _  - '^'^ 

4.  Point"For  fijlog^-ccshtact  points;  it  is  a  small,  thin  file 
5^-''''^Slim  taper-Generally  for  cleaning  up  damaged  threads 

(NOTE:  Slim  .taper  files  are  sometimes  called  saw  files.) 

6.  File  handle-Wooden  handle  placed  on  ^e  end  of  the  file  to 
prevent  it  from  gouging  one's  hand 

G.  Socket  sets 

1.  Ratchet-Fermits  tightening  or  loosening  with  very  little  swinging 
'    room,  it  is  a  drive  handle  that  sockets  fit  onto 

2.  Socket-For  tightening  or  loosening  a  hex  head  bolt  or  nut;  used 
in  conjunction  with  a  drive  handle 

3.  Deep  socket--Socket  with  an  extended  wall  for  reaching  recessed 
bolts  and  rfuts  or  nuts  that  have  the  bolt  extending  through  them 
so  far  that  the  standard  socket  wiT  not  fit  over  them 

4.  Hinge  handle-Drive  handle  that  is' used  with  sockets  when  more 
force  is  needed  to  break  loose  or  tighten  a  nut  -or  bolt 

(NOTE:  These  handles  are  sometimes  called  b(;eak  overs.) 

5.  Extension-Rod  that  fits  between  the  socket  and  the  drive  handle 
to  extend  the  socket  into  hard  to  reach  r>laces 
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6.  Speed  handle-Drive  handle  used  with  a  socket  to  tighten  or  loosen 
bolts  and  nuts  quickly  that  are<  easy  to  reach 

s 

7.  Uniyersal  joint-Fits  between  the  drive  handle  and  the  socket  and 
bends  in  any  direction  enabling  the  socket  to  get  to  hard  to  reach 
nuts  or  bolts 

Tubing  tools 

1.  Flaring  tool-For  forcing  a  45**  cone  into  the  end  of  a  piece  of 
tubing  being  held  by  a  flaring  block  which  creates  a  flare  on  the 
tubing  '  '  . 

2.  Tubing  reamer-For  removing  the  burr  from  the  inside  of  tubing 
after  it  has  been'  cut  ^ 

(NOTE:  This  is  usually  attached  to  the  tubing  cutter.) 

3.  Flare  block--For  holding  the  tubing  while  it  is  being  'flared-or 
swaged 

4.  Tubing  cutter-For  cutting  the  tubing  by  tightening  it  onto  the 
tubing-  and  rotating  it  at  the  same  time 

(NOTE*  These  come  in  large,  medium",  and  small  sizes.) 

5.  Double  flare  -Device  which  is  placed  in  the  tubing  and  forced 
down,  which  causes  the  end  of  the  tubing  to  roll-in,  which  makes 
a  flare  with  .double  tubing  thickness 

6.  Swage  punch-Driven  into  the  end  of  a  lube  to  enlarge  it  so  that 
another  tube  of  the  same  size  may  be^placed  in  it  and  soldered 

7.  Lever-type' bender-Tubing  is  held  securely  against  the  bender  and 
the  arm  is  slid  over  the  tubing  forcing  the  tubing  into  the  rounded 
end  of  the  bender 

8.  Bending  spring-Coil  spring  which  is  placed  on  the  outside  of 
tubing  to  keep  it  from  collapsing  while  bending 

Accessory  hand  tools 

1.  Wire  strippers-Removes  the  insulation  from  electrical  wire 
without  damaging  the  wire 

*2.  Drop  light-For  liflht..in  dark  work  areas;  it  has  a  protective 
reflective  shield  and  an  electrical  outlet  in  the  handle 

(NOTE:  These  lights  usually  have  25  ft.  or  longer  cord  and  should 
noir  be  used  as  power  cords  for  high  amp*^rage  appliances,  such 
as  refrigerators,  because  they  are  made  of  :mall  gauge  wire.) 
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3.  OtI  can  -Should  have  a  flexible  spout  for  reaching  difficult  places 
and  a  cap  to  prevent  spiMage 

4.  Hack  saw-  Fcr  ci'tting  metals  m  installation  and  service  work 

(CAUTION:  A  hack  saw  is  not  recommended  for  cutting 
refrigeration  tubing  because  the  filings  will  contaminate  the 
system.) 

5.  Scr^w  sitarter-  For  startjjig  snfL^II  slot  or  phillips  head  screws  in 
h3''d  to  reach  places 

(CAUTION:  These  are  not  to  be  used  for  tightening  or  loosening 
screws.) 

^  6.       Safety  glasses-Eye  protection  that  should  be  worn  on  all  jobs 

7.  Nut  drivers-Hollow  shaft  screwdriver  with  a  permanently  attached 
socket  for  tightening  or  loosening  hex  head  bolts  and  nuts 

8.  Level"For   checking   th<;    levelness   of   air-conditioning  and 
refrigeration  units 

(NOTE:  Two  kinds  of  levels  are  the  small  bubble  level  and  the 
torpedo  level. ! 

9.  Hex  key  wrenches-  For  loosening  or  tightening  socket  type  set 
screws 

J.     Threading  tools 

1.  TapS"For  cutting  threads  inside  of  hole 

(NOTE:  These  are  available  in  all  types  and  sizes  of  threads.) 

2.  Dies- For  cutting  external  threads  on  round  stock 

(NO'iE:  These  are  available  in  al!  types  and  sizes  of  threads.) 

3.     Handles^-For  holding  taps  and  dies  during  the  threading  process 

(NOTE:  These  include  T  handles  and  hand  tap  wrenches  that  hold 
:aps  and  die  stocks  for  holding  dies.) 
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IV,    Hand  tool  care 
A.  Screwdrivers 

1,       Grind  flat  tip  square 


Ground  Right 


Ground  Wrong 


2,  Discard  worn  phillips  tips 

3,  Do  not  hammer  on  screwdrivers. 


B.  Wrenches 

1        Turn  adjustables  in  proper  direction 


2.  Do  not  hammer  on  wrenclies 

3.  Do  nut  hammer  with  wrenches 
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C.  Pliers 

1.       Do  not  use  in  place  of  wrench 


2.       Have  handles  insulated  when  working  on  electrical  circuits 
D.  Hammers 


2.       Use  the  proper  type  for  the  job 
E.    Punches,  chisels,  and  bars 

1.       Keep  cutting  edges  and  points  sharp 


Before  and  After  Dressing 


2.       Keep  head  ground  to^  prevent  mushrooming 
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F.  Files 

1.       Keep  flies  on  a  wall  rack 

(NOTE:  They  will  become  dull  if  stacked  in^d  drawer.) 


ttl 

If 

2.       Do  not  hammer  or     /  with  a  file 

(NOTE-  They  are  very  brittle  and  will  break.) 


G     Socket  sets 


l:       Do  not  use  an  extension  pipe  or  cheater  bar  on  tne  handle  of 

a  r.^tchet 

(NOTE    Too  fnuch  force  will  stnp  the  gears  in  the  ratcheting 

mechan'sm  ) 
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2.       Do  not  use  a  handle  and  extension  pipe  with  thin  wall  sockets 
(NOTE:  Thin  wall  sockets  will  break.) 

H.  Tubing  tools 

1.  Oil  threads  on  flaring  tool 

2.  Replace  cutting  wheel  on  cutter  when  dull 

I.  Accessory  hand  tools 

1.  Drop  light  cords  should  not  be  run  over  with  appliance  dollys 
or  oiher  carts 

2.  Protect  the  blaae  on  a  hack  saw  with  a  piece  of  cardboard  to 
prevent  dulling  of  the  teeth 


Cardboard  Sheath 


3.  Do  not  use  screw  starters  as  a  screwdriver 

4.  Safety  glasses  should  be  kept  in  a  case  when  not  in  use 

5.  Nut  drivers  should  only  be  used  on  hand  tight  nuts,  bolts,  and 
screws;  do  not  use  phers  for  increased  leverage 


Hex  Socket 
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7.       Do  not  apply  too  much  force  to  hex  key  wrenches 

(NOTE.  Too  much  force  will  break  or  round  out  the  socket  of 
the  set  screw.) 

J.     Threading  tools 

1.  Use  a  few  drops  of  cutting  oil  when  threading 

2.  Do  not  keep  t?^s  and  dies  loose  in  a  drawer 
(NOTE:  This  will  dull  the  cutting  teeth.) 
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W^ench^s 


Pinch-Off 


Punches,  Chisels,  and  Bars 


Pin  Punch 


Center  Punch 


Flat  Chisel 


Scratch  Awl 


Pry  Bar 


s 
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Socket  Sets 


Ratchet 


Socket 


Deep  Socket 


Universal  Joint 


Hinge  Handle 


Extension 


Flaring  Tool  and  Block 


Tubing  Tools 


Bending  Spring 


Swage  Punch 


Double  Flare  Punches 


Tubing  Reamer 
and  Cutter 


Reamer  Blade 


Lever  Type  Bender 
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Accessory  Hand  Tools 


Wire  Strippers 


Safety  Glasses 


s 
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Screw  Starter 


Drop  Light 


Nut  Driver 


Oil  Can 


mm 


Hex  Key  Wrenches 
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HAND  TOOLS 
UNIT  I 

JOB  SHEET  #1--GRIND  A  FLAT  TIP  SCREWDRIVER 

/ 

I.  Tools  and  materials 

A.  Flat  tip  screwdriver 

B.  Bench  grinder 

C.  Water  tray 

D.  Safety  glasses 

II.  Procedure 

A.  Put  on  safety  glasses 

B.  A  ''jst  clearance  of  tool  rest 

(NOTE:  Proper  clearance  is  approximately  one-eighth  inch  from  grinding 
wheel.)  ''^  ' 

C.  Turn  on  grinder 

D.  Grind  tip  of  blade  flat  (Figure  1) 


Blade  Tip 
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JOB  SHEET  #1 

Grind  sides  of  blade  so  blade  will  fit  screw  slot  (Figure  2) 

Poor  Fit  Damages  Screwdriver  and 
Correct  Screwdriver  Fit       Screw  Slot 


Ground  Right  Ground  Wrong 


Cool  tip  :n  tfdv  of  v-uiter  often  while  ar>r.ding 
(NOTE    Cooling  will  prevent .  softening,  of  the  tin) 
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HAND  TOOLS 
UNIT  I 


JOB  SHEET  #2-GRIND  THE  HEAD  OF  CHISEL  OR  PUNCH 

Tools  and  materials 

A.  Chisel  and/or  punch 

B.  Bench  grinder 

C.  Water  tray 

D.  Safety  yiasses 
Procedure 

A.  Put  on  safety  glasses 

B.  Adjust  clearance  of  tool  rest 

(NOTE:  Proper  clearance  is  approximately  one-eighth  inch  from  grinding 
wheel,) 

C.  Turn  on  grinder/ 

D.  Grind  a  bevel  on  the  head  (FiguYe  1) 

(NOTE:  When  the  head  of  a  punch  or  chisel  is  mushroomed,  chips  could 
break  off  during  use  causing  injury  to  the  user.) 


iHead  Mushroomed 

FIGURE  1 


1^ 


•Head  Properly  Ground 
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HAND  TOOLS 
UNIT  I 


JOB  SHEET  #3-SHARPEN  A  CHISEL 

I.  Tools  and  materials 
A.  Chisel 

-^B.    Bench  grinder 

C.  Water  tray 

D.  Safety  glasses 

II.  Procedure 

A.  Put  on  safety  glasses 

B.  Adjust  clearance  of  tool  rest 

(NOTE:  Proper  clearance  is  approximately  one-eighth  inch  from  grinding 
wheel.) 

C.  Turn  on  grinder 

D.  Hold  the  chisel's  cutting  edge  against  the  grinding  wheel  with  very  little 
pressure 

(NOTE:  This  will  help  to  prevent  overheating  of  the  chisel's  cutting  edge.) 

E.  Dip  the  chisel  in  the  water  frequently  to  cool 

F.  Grind  the  edge  on  a  slight  curve  (Figure  1) 

(CAUTION:  Hold  the  chisel  with  a  firm  grip  during  the  grinding  process.) 


FIGURE  1/H<^ 
Head^ 

Stock- 


*  - — --N,   — riittinf]  Edge 
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HAND  TOOLS 
UNIT  I 


JOB  SHEET  #4-CUT  EXTERNAL  THREADS 


L    Tools  and  materials 

A.  Die 

B.  Die  stock 

c.  vis^  i 

D.  Flat  file 

E.  Oil  can 

F.  Steel  rod 

(NOTE:  Ask  the  instructor  what  type  and  size  of  steel  rod  to  use  for  this 
job.) 

11.    Procedure  -  -  ! 

A.    Place  rod  in  vise  (Figure  1) 


FIGURE  1 


B.  Chamfer  end  of  rod  with  file 

C.  Lubricate  end  of  rod  with  cutting  oil 

D.  Place  die  in  die  stock  and  secure 

E.  Place  die  on  top  of  rod  with  taper  facing  down 
F>  Start  die    traight  on  the  rod 
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JOB  SHEET  #4 

G.    Press  down  evenly  and  turn  the  die  (Figure  2) 


H.    Apply  a  few  drops  of  cutting  oil  while  turning  the  die 
!.     Check  die  oftqn  for  s^Jareness 

J      Turn  the  die  one  turn  clockwise  and  then  1/4  to  1/2  a  turn  counterclockwise 
to  break  the  chip 

K.    Continue  this  procedure  until  the  desired  amount  of  threaas  have  been  cut 

L.     R.inovj  die  by  turi^ing  counterclockwise 

(NOTE  Hold  onto  the  die  stock  firmly  while  removing  it  so  as  not  to 
drop  It  when  it  comes  to  the  end  of  the  threads  ) 

M.    Clean  threads  with  a  brush 

(CAUTION    Do  not  use  compressed  air  for  cleaning) 

N     Clean  up  tools  and  put  them  away 

0     Have  instructor  inspect  work 
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HAND  TOOLS 
UNIT  I 


JOB  SHEET  #5-CUT  INTERNAL  THREADS 

I.  Tools  and  materials 

A.  Tap 

B.  Tap  wrench 

C.  Drill  motor 

D.  Tap  drill 
t.  Vise 

F.  Oil  can 

G.  Piece  of  steel  to  be  drilled  and  tapped 

II.  Procedure 

A.  Place  work  piece  in  vise 

B.  Drill  hole  to  proper  size 

C.  Use  the  chart  below  to  select  the  proper  tap  drill 


250 
31  JS 


I 

'  D'.ll 

ttlCt 

•#  D«<M 

'  33 

0  03*5 

'  30 

C0700 

^  i  

00110 

0  0«»0 

1  n 

0  1015 

1  33 

0  'JO 

1  

1  29 

it      C  1360 

1        0  *»5 

16 

1         0  5  770 

4^   , 

1  OJO'O 

r 

j  OJ570 

5  '6 

'  ovn 

4-  -  - 

^         C  3610 

'  '  3J 

i         0  53.2 

2'  12 

!  C6S6J 

49  64 

0  •656 

D.  Place  tap  in  tap  wrench 

E.  Place  tap  in  hole  and  keep  the  tap  as  straight  as  possible 
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JOB  SHEET  #5 


Apply  cutting  oil  to  tap 

Press  down  on  tap  wrench  with  equal  pressure  on  both  sides  (Figure  1) 


Make  two  complete  turns  with  tap 

Check  to  see  that  the  tap  is  straight 

If  tap  IS  not  straight,  remove  it  and  restart 

(NOTE'  A  slight  amount  of  pressure  will  be  required  to  get  tlie  tap  to 
start  straight,) 

Tap  the  hole  by  turning  the  tap  wrench  clockwise  1/2  a  turn  then 
counterclockwise  1/4  of  a  turn 

After  the  hole  is  tapped  remove  the  tap  by  turning  the  wrench 
counterclockwise 

(NOTE.  Hold  on  to  the  tap  wrench  to  prevent  \t  from  falling  on  the  floor  ) 
Clears  tools  and  put  them  away 
Have  the  instructor  inspect 
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HAND  TOOLS 
UNIT  I 


TEST 


Match  the  terms  on  the  right  to  the  correct  definitions  or  descriptions. 


a.  Cutting  tools  consisting  of  various  sizes 
and  shapes  which  are  pushed  across  a 
piece  of  nrietaTto  bring  it  to  the  proper 
dimension 


b.  Tool  with  adjustable  jaws  used  for 
gripping 

c.  Tool  designed  to  tighten  or  loosen  a  hex 
head  bolt  or  nut 

d.  Tool  designed  for  a  particular  use 

e.  Type  of  thread  used  for  precision  work 

f.  Tool  designed  for  tightening  or  loosening 
a  screw  or  bolt  with  a  recess  opening  in 
the  head 

g.  Tool  which  isHian^  held  and  is  not 
electrical  or  specialized 

h.  Tool  designed  to  drive,  pound,  flatten, 
or  shape  an  object 

i.  Enlarging  of  one  end  of  a  tube  so  that 
the  end  of  another  tube  the  same  size 
will  fit  into  it 

j.  Type  of  thread  used  fdr  general  purpose 
work 


2.       Identify  the  basic  hand  tools. 


1. 

Pliers 

2. 

Files 

3. 

Specialized 

tool 

4. 

National 

Coarse 

5. 

Hammer 

6. 

Hand  tool 

7. 

Wrench 

8. 

Swage 

9. 

Screwdriver 

10. 

National  Fine 

a. 
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3.       Select  specific  tools  from  similar  groups. 

a      Place  an  "X"  by  the  screwdriver  that  './vouH  fit  th-  screw  slot  shown 


1)  Standard  slot 

2)  Phillips 

3)  Clutch  head 

4)  Stubby 

5)  Offset 
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b.  Place  an  "X"  by  the  wrench  that  is  primarily  used  or    >unded  surfaces. 
'            1)  Open  end 

  2)  Box  end 

  3)  Combination 

  4)  Adjustable  open  end 

  5)  Pipe 

  6)  Flare  nut 

c.  Place  an  "X"  hy  the  pliers  that  are  used  to  crimp  refrigeration  tubing. 
  1)  Slip  joint 

  2)  Slip  groove 

  3)  Long  nose 

  4)  Diagonal  cutters 

  5)  Plier  wrench 

  6)  Pinch-off 

d.  Place  an  "X"  by  the  hammer  that  would  be  used  on  a  brass  surface  and 
not  mar  it. 

  1)  Ball  peen 

  2)  Soft  face 

  3)  Sledge 

4)  Claw 
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e.     Place  an  "X'*  by  the  item  that  would  be  used  when  aligning  drive  belts. 

  1)  Pin  punch 

  2)  Center  punch 

  3)  Flat  chisel 

  4)  Pry  bar 

5)  Scratch  awl 
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f.  Place  an  "X"  by  the  file  used  generally  for  cleaning  up  damaged  threads. 
  1)  Flat 

r 

  2)  Half  round 

  3)  Round 

  4)  Point 

  5)  Slim  taper 

  6)  File  hnndle 

g.  Place  an  "X"  by  the  items  that  are  not  drive  handles. 

  1)  Ratchet 

  2)  Socket 

  3)  Deep  socket 

 4)  Hinge  handle 

  5)  Extension 

  6)  Speed  handle 

  7)  Universal  joint 

h.  Place  an  "X"  by  the  items  needed  to  cut  a  piece  of  tubing  from  a  roll 
and  double  flare  one  end  and  swage  the  other  end. 


1) 

Flaring  tool 

2) 

Tubing  reamer 

3) 

Flare  block 

4) 

Cutter 

5) 

Double  flare  punch 

6) 

Swage  punch 

7) 

Lever  type  bender 

8) 

Bending  spring 

ERIC 
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Place  an  "X"  by  the  item  that  should  be  used  on  all  jobs. 

  1)       Wire  strippers 

  2)       Drop  light 

  3)       Oil  can 

  4)       Hack  saw 

— f, 

5)       Screw  starter  «  ' 


6)  Safety  glasses 

7)  Nut  drivers 

8)  Level 

9)  Hex  key  wrenches 


j.     Place  an  "X"  by  the  tool  that  is  used  for  cutting  external  threads. 

  1)  Taps 

  2)  Dies 

_^  ^  3)  Handles 

Discuss  the  proper  care  of  hand  tools, 
a.  Screwdrivers 


b.  Wrenches 


c.  Pliers 
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d.  Hammers 


e.    Punches,  chisels,  and  bars 


f.  Files 


g.     Socket  sets 


h.     Tubing  tools 


Accessory  hand  tools 


j.     Threading  tools 


Demonstrate  the  ability  to: 

a.  Grind  a  flat  tip  screwdriver. 

b.  Grind  the  head  of  chisel  or  punch. 

c.  Sharpen  a  chisel. 

d.  Cut  external  threads. 

Cut  internal  threads. 

(NO'.  E:  If  these  activities  have  not  been  accomplished  prtor  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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HAND  TOOLS 
UNIT  I 


ANSWERS  TO  TEST 


a. 


2  f.  '  9 


b.  1  g.  6 

C.  1  ;     h.  5 

d.  3  i.  8 

e.  10  j.  4 

a.  Standard  slot  screwd''iver 

b  Phillips  screwdriver 

c.  Clutch  head  screwdriver 

d.  Stubby  screwdriver 

e.  Offset  screwdriver 

f.  Open  end  wrench 

g.  Box  end  wrench 

h.  ^  Combination  wrench 

I.  Adjustable  open  end  wrench 

j.  Pipp  wrench 

k.  Flarf  nut  wrench 

1  Slip  joint  pliers 

m.  Slip  groove  pliers 

n.     Long  nose  pliers 

o.     Diagonal  cutters 

p.  Plier  wrench 

q.  Pinch-off  pliers 

r.     Ball  Deen  hammer 
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s.  Soft  face  hdmmer 

t  Sledge  haiTuner 

'1  '  Cld'v  hdirimer 

w  Ctnler  puncn 

X  F|jt  dvsei 

V  Pry  bar 

('  \  F  i.'t  fiP' 

Hjii  r'urn;  tile 

cj'.  Si 'HI  tJPt'i  ttio 
►  't^     »\jiPt  file 
\  \\v  h;j'tdie 

}(<*■.    S  'cKf'^ 

!       S  *  f-*d  ivindle 

nn     r ;  ^nng  t  ^ol 
on     T I  t>!nfj  rejnier 


ss.    Sw^ge  Runch 
tt.    Wire  strippers 
uu.   Drop  light 
vv.    Oil  can 
WW.  Hack  saw 
XX.  Screw  starter 
Vy.  Safety  glasses 
zz.    Njt  drivers 
aaa.  Level 

bbb.  Hex  key  wrenches 

ccc.  Tap 
ddd.  Die 

eee.  Die  stock 

fff.  Hand  tap  wrench 

ggg,  T-Handle  tap  wrench 
hhh.  Lever  type  bender 
iii   Bending  spring 

3.  3.     3  f.  b 

b.  5  g.     2.  3;  5,  7 

c.  6  h.     1,  2,  3,  4,  5,  6 

d.  2  i.  6 

e    -4  j.  2_ 

4.  Discussion  should  include: 
a.  Screwdrivers 

1)  Grind  flat  tip  square 

2)  Discard  worn  phillips  tips 

3)  Do  net  hammer  on  screwdrivers 
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Wrenches 


1) 


urn  adjustables  in  proper  direction 

2)  Dp  not  hammer  on  wrenches 

3)  Do  not  hammer  with  wrenches 

c.  Pliers  '  , 

1)  Do  not  use  in  place  of  wrench 

2)  .  Have  handles  insulated  when  working  on  electrical  circuits 

d.  Hammers 

v1)       Keep  handles  tiqht 
s      2)       Use  the  proper  type  for  the  job 

e.  Punches,  chisels,  and  bars 

1)  Keep  cutting  edges  and  points  sharp 

2)  Keep  head  ground  to  prevent  mushrooming  ^  ^  ^ 


f.  Files 


1)  Keep  files  on  a  wall  rack 

/ 

2)  Do  not  hammer  or  pry  wtth  a  file 

g.  Socket  sets 

1)       Uo  not- use  an  extension  pipe  or  cheater  bar  on  ttie  handle  of 
/  a  ratchet 

7)       Do  not  use  a  handle  and  extension  pipe  with  thin  wall  sockets 

h.  Tubing  tools 

1)  Oil  threads  on  fla»'ing  tool 

2)  Repla-^.e  cutting  wheel  on  cutter  when  dull 

i.  Accessory  hand  tools 

1)       Drop  light  ^rds  should  not  be  run  over  with  appliance^  dolly s 
<  or  other  carts 

?)       Protect  the  blade  on  a  hack  saw  with  a  piece  of  cardboard  to 
prevent  cKjIhng  of  the  teeth 
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3)  .    Do  not  use  screw  starters  as  a  screwdriver  ^ 

4)  Safety  glasses  should  be  kept  in  a  case  when  not  in  use 

5)  "      Nut  drivers  should  only  be  used  on  hand  tight  nuts,  bolts,  s 

,  screws;  do  not  use  pliers  for  increased  leverage 

% 

6)  Levels  should  never  be  dropped 

7)  Db  not  apply  too  much  force  to  hex  key  wrenches 
j.     Threading  tools 

1)  Use  a  few  cirops  of  cutting  oil  when  threading 

2)  '  Do  not  keep  taps  and  dies  loose  ip  a  drawer 
Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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SPECIAL  TOOLS 
UNIT  II 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  identify,  use,  and  '  'Or 
the  specialized  tools  used  in  the  air-conditioning  and  refrigerativOn  trade.  This  kn'.  ^ge 
will  be  evidenced  through  demonstration  and  by  scoring  eighty-five  percent  on  tht*  cinit 
test. 

SPECIFIC  OBJECTIVES 

After  completion  ;)f  this  unit,  the  student  should  be  a^^le  to: 

1.  Match  terms  associated  with  specialized  tools  to  the  correct  definitions. 

2.  Identify  specialized  tools. 

3.  Describe  tne  us^  of  the  spec!  <zed  tools, 

4.  Describe  the  care  of  the  specialized  tools. 

5.  Identify  the  components  of  the  refrigeration  gauge  set. 

6.  List  wf  en  e^ch  refrigeration  gauge  set  component  is  used. 
Dernonstrate  the  ability  to  sharpen  a  twist  drill  bit. 
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SPECIAL  TOOLS 
UNIT  II 
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SUGGESTED  ACTIVITIES 

L  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  With  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objt.3tives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedure  outlined  in  the  job  sheet 

G.  Show  students  special  tools. 

H.  Take  field  trip  to  a  parts  wholesaler. 

I.  Have  students  look  up  tools  in  catalogs  to  get  an  idea  of  the  cost  involved 
in  equipping  a  shop. 

J      Give  test, 

II  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheet. 

D.  Complete  activities  assigned  by  instructor. 
E     Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit. 

A.  Objective  sheet 

B.  Information  sheet 


C.     Transparency  masters 


i 

J . 

1  ivi    1    opeui  cll 

TnnI  Q 

1  \J\J\  3 

o 

1  IVI   £.   OfJcui ai 

Tools 

1  Continued) 

^3 

o. 

1  iv»   o   \j\}xi\^\  ai 

Tools 

(Continued) 

A 

1  IVI  "   ojjcui a» 

Tools 

(Continued) 

5 

TM  5 -Special 

Tools 

(Continued) 

6 

TM  6--Special 

Tools 

(Continued) 

7 

TM  7-Special 

Tools 

(Continued) 

8 

TM  8--Sppcial 

Tools 

(Continued) 

9. 

TM  9-Refrigerat!on 

Gauge  Set  Components 

D   *  Job  Sheet  ^1  -Sharpen  a  Twist  Drill  Bit 
E  Test 

F      Answers  to  test 

Reference- Aithouse,  Andrew  D.,  Turnquist,  Carl  H,;  and  Bracciano,  Alfred  F 
Modern  Refngeration  and  Air  ConUftmning,  Homewood,  Illinois 
Goodheart  Willcox  Co,,  1975, 
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SPECIAL  TOOLS 
UNIT  II 


IN«=ORMATiON  SHEET 

I.  Ternns  aiid  definitions 

A.    Charging-Replacing  or  adding  refrigerant  to  a  refrigeration  system 

3.    Evacuating-Using  a  vacuum  pump  to  pull  a  vacuum  on  a  refrigeration  system 
for  the  purpose  of  removing  air  and  moistura 

C.  Conduit-Tubular  enclosure  for  electrical  conductors 

D.  Thermal  electric  lead-Lead  made  up  of  two  dissimilar  metals  which  creates 
a  small  amount  of  voltage  upon  temperature  change 

t.     Hygrometer-Humidity  sensing  device 

F.  .gh  vacuum-Vacu'oiTi  of  2000  to  .1  microns  and  requires  a  two  stage 
pump;  also  called  a  deep  vacuum 

(NOTE:  One  inch  of  mercury  vacuum  is  equal  to  25,400  microns.) 

G.  Manometer -Instrunr ant  consisting  of  a  "U''  shaped  glass  tube  with  either 
mercury  or  water  in  it  for  the  measurement  of  pressure  gases 

H.  Hermetic-  Sealed  system 

L     Cornbustion-Biirning  of  fuels 

II.  Specialized  tools  (Transparencies  1,  2,  3,  4,  5,  6,  1,  and  8) 

A.  Refrigeration  nauge  set 

B.  Leak  detectors 

1.  Soap  solution 

2.  Halide  torch 

3.  Electronic 

C.  Drill  motors 

1.  Straight 
1.  Offset 
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INFORMATION  SHEET 

D.  Drill  bits 

1.  Twist 

2.  Wood 

3.  Masonry 

E.  Bench  grinders 

F.  Vises 

1 .  Bench 

2.  Pipe 

G.  Pullers 

1 .  Wheel 

2.  Bearing 
^  3.  Gear 

H  Thernnometers 

1.  Pocket 

2  Ren^iote  bulb 

3  Flue  and  stack 
4.       Thermal  electric 

I.      Recordmg  thermometers 

1.  Manual  wind 

2.  Electric 
J  Hygrometers 

1        Slmg  psychrometer 

2.       Qial  type 

3        Humidity  recorder 
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L. 


M. 


0. 


P. 
Q. 
R. 
S. 
T. 


INFORMATION  SHEET 

Vacuum  pumps 

1.  Low  vacuum 

2.  High  vacuum 
Vacuum  indicators 

1.  Compound  gauge 

2.  Mer^jry  manometer 

3.  Thermocouple  micron  gauge 
Capillary  tube  cleaners 

1.  Manual 

2.  Hydraulic 
Charging  cylinder 
Service  valves 

1.  Hermet'C  service  valve  kit 

2.  Access  core  type  valves 

3.  Process  tube  adapters 

4.  Line  piercing  valves 
Scales 

Fin  combs 
Oil  pumo 

Combustion  testing  kit 
Air  meters 

1.  '  AneoiT'^ter 

2.  Pitot  tube 

3.  Incline  manometer 
Appliance  truck 


INFORMATION  SHEET 

V.    Knock-out  cutter 

W.    Combmatio'i  [jattern  snips 

X.    Hand  notcher 

Y     Hand  seamer 

Z.  Riveter 

AA.  Riveting  hammer 

B8.  Aviation  snips 

1.        Right  hand 
2  Left-hand 

CO   Double  cutting  snips 

DO.  Hand  crimpe«' 

EE    Refrigeration  ratchet  • 

Use  of  s{)eCialized  tools 

A.  Refrige'-ation  gauge  set  -For  chacginy,  evacuating,  and  checking  pressures  on 
refngerant  systems 

B.  Leak  detectors  -ForMocating  refrigerr<nL  Icoks 

C.  Drill  n)Otors 

1.       Straiqht-Fo'  dnlbng  holes  m  metal  or  wood 

2        Offset -For  drilling  holes  in  metal  or  wood  in  limited  working 
space 

D.  Drill  bits 

\  T  wisl  -Fcr  drrlling  metal 
2  Wood-  For  d.iHing  wood 
Z        Masonry  Fcr  drilling  concrete  and  stone 

E.  Bench  ynn  Jers-  For  grinding  metal  edges 

I/O 
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F.  Vises 

1.  Bench-For  holding  objects  secure 

Exarr.,  le:        An  object  would  need  to  be  held  secure  while  it 
•  was  being  drilled,  filed,  sawed,  or  electrically  tested 

2.  Pipe--For  holding  pipe  or  conduit  secure 

Example:        Pipe  or  conduit  would  need  to  be  held  secure  when 
It  is  being  cut,  threaded,  or  reamed 

G.  Pullers 

1.       Wheel-For  removing  .pulleys  and  bearings  from  motor  shafts 

2.      Bearing-For  removing  or  installing  bearings  and  bushings  irt' 
motors 

3.  Gear-  For  removing  small  pulleys  or  gears  from  motor  shaft<^ 

H.  Thermometers 

1.  Pocket--For  checking  the  temperature  of  refrigeration  components 
and  systems 

2.  Remote  bulb-  For  checking  temperatures  in  one  area  and  reading 
the  temperature  on  a  dial  in  another  area 

(NOTE:  The  pocket  and  remote  bulb  thermometers  are  available 
in  various  ranges  but  the  -40**F  to  +120''F  range  seems  to  be  toe 
most  applicable  to  refrigeration  work.) 

3.  Flue  and  stack -For  checking  the  temperatures  created  in  gas  flues 
and  stacks 

(NOIi':.  The  tempe'^dtjre  range  on  these  thermometers  is 
generally  200'F  to  1000'F.) 

4.  Thermal  electnc-For  measuring  temperatures  from  -50°F  to  as 
high  as  -f-1000°F 

(NOTE  1his  temperature  indicating  meter  is  generally  capable 
of  checking  more  than  one  temperature  through  the  use  of 
multiple  leads  and  by  changing  the  function  switch.) 
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Recording  thermometers 

1.  Manual  wind -Records  tennperatures  on  a  time  chart 

\N0"*"E  This  recorder  can  be  equipped  with  a  remote  temperature 
sensing  bulb,  and  it  has  a  manual  Wind  clock  assembly  for 
advancing  the  time  chart.) 

2,  ElectnC" Records  temperatures  on  a  strip  chart 

(NOTE:  This  recorder  uses  thermocouple  \ype  leads  and  will 
generally  record  more  than  one  temperature.) 

Hygrometers 

1         Shng  psychrometer--Wet-bu1b  and  dry-bulb  temperatures  will 
be  obtained  by  whirling  the  psychrometer  for  ""B  to  20  seconds 

(NOTE:  Dry  bulb  temperature  is  thn  tcmperat'.rc  of  the  air  as 
indicated  by  an  ordinary  thermometei.  The  wet-bulb  temperature 
13  the  temperature  by  evaporation,) 

2.  Dial  type-Cc  tains  human  hair  that  reacts  to  humidity  changes 
which  gives  a  meter  reading 

3.  Humidity  recorder-Records  humidity  changes  on  .a  time  chart 
Vacuum  pumfjs 

1,  Low  vacuum -For  evacuating  a  refrigeration  system;  used  in 
conjunction  with  a  gauge  manifold 

2.  HKjh  vacuum  For  evacuating  a  refrigeration  system;  used  m 
conjuf^rtion  vvith  a  high  vacuuaVgauge  manifold  and  micron  gauge 

'NOTE  These  pumps  are  capafc^  of  pulling  a  vacuum  below  50 
microns  and  are  used  on  large  aff-conditiorimg  and  refrigeration 

systems.) 

V;iCu']rT)  iiKliCdTP.'S 

1  Compound  gauge-  indicates  vacuum  accurately  to  25  inches  of 

mercury 

2  ''orcurv  manomulGr  Indicates  an  accurate  vacuum  readituj  lielow 
/5  inches,  used  wit^^  'a  vacuum  pump 

3  1  ^r.rmocoupie   micron   yaugp  Ar    extremely  accurate  vacuum 
md'cator,  used  in  conjunction  witn  a  high  vacuum  pum.p 
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M     Capillary  tube  cleaner 

1        Manual  -Forces  oil  or  R-1  1  through  a  capillary  tube  when  the 
pressure  handle  is  turned  clockwise 

2.       Hydraulic -Forces  oil  or  R-11  through  a  capillary  tube  with  the 
use  ^  f  a  hydraulic  pump 

(NOTE-  Remove  capillary  tubes  from  system  before  cleaning) 

N.    Charging  cylinder-  For  charging  the  proper  amount  of  refrigerant  into  a 
system,  used  with  a  gauge  manifold  set  ' 

0     Service  valves 

1  Hermetic  service  valve  kit--AI!ows  the  connection  of  refrigeration 
gauges  to  some  hermetic  systems 

(NOTE.  This  valve  kit  is  essential  when  servicing  General  Electric 
or  Fr.gidaire  domestic  refrigerators.) 

2  Access  core  tvpe  valves-  Allow  the  refrigerant  system  pressures 
to-  be  checked  when  the  gauge  hose  depresses  the  core 

(NOTE    These  valves  are  commonly  referred  to  as  Schrader  valves) 

3  Process  tube  adapters  -Pro\/ide  a  gauge  connection  by  fitting  onto 
the  end  of  the  charging  stubs 

(NOTE  These  adapters  must  be  removed  after  the  stub  has  been 
pinched  off  and  pnor  to  soldering  end  of  stub.) 

4  Lifuj  piercing  valves  -Allow  a  gauge  connection  by  tightening  onto 

a  charging  stub  and  piercing  it 

•imOTE    Tnpse  valves  are  commonly  referred  to  as  line  taps.) 

P      Scales  For  vveighing  the  amount  of  refrigerant  during  ^he  charging  proce.ss 

G     Pin  combs  For  straiqtit^ning  the  heat  transfer  fms  on  condensers  and 
-'^vapo>  at'^s 

R      Oil   uurr^n  For  puUifiq  oi'   into  a  comprr-ssor  without   ^he  danger  of 
confdfTiinar.un 
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S.     Combust. on  testing  kit-For  servicing  gas  or  oil  furnaces*  to  detect  CO2 
content,  draft,  stack  tenn()erature,  and  snnoke 

T     Air  nneters 

1         Aneometer-  Measures  the  spead  of  the  air  being  supplied  through 
a  grille 

(NOTE:  This  nneasurennent  ts  expressed  tn  feet  per  nrnnute.) 

2.  Pi  tot  tube-Determines  ui-^  speed  by  obtaining  air  pressure  through 
a  grille 

(NOTE  This  instrunnent  is  used  in  conjunction  with  a  direct 
reading  meter  or  an  incline  manometer.) 

3.  Incline  manometer -Used  with  a  oitot  tube  to  determine  air 
velocity  pressure  and  static  pressure 

U     Appliance  Iruck-  For  moving  refngeratorb  and  other  heavy  equipment 

V     Knock-out  cutter -For  making  holes  in  sheet  metal 

(NOTE.  This  cutter  \i  primarily  used  for  making  holes  in  cabinets  for 
electncfl  conduit  and  refrigerant  lines  ) 

VV     Combination  pattern  snips- For  all  geneial  purpose  cutting  of  sn*-:et  metd^ 

(NOTE  The  blades  of  the  combination  snips  are  designed  to  permit  the 
metal  to  curve  up  out  of  the  way  when  making  circuiar  cuts.)  . 

X  Hand  notcher-Tor  cutting  notches  m  the  edge  of  sheet  metal 

Y.  Hand  seamer-  For  forminu  a  seam  on  a  piece  of  sheet  metaL  by  H^md 

Z  Riveter  -  For  nvetmg  pieces  of  sheet  metal  together 

AA  Rivetinq  hammer  For  forming  the  sheet  ni^^ 

1 

(NOTE    Th^^  Rdqes  are  beveled  to  prevent  maKkmt]  of  tf^.e  n^.etal  ) 

BB    Aviation  snins 

1         Righ.t  iu-nid  For  cutting  ^heot  metal  in  a  right  handed  directtof^ 
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2        Left  hand- For  cutting  sheet  nnetal  in  a  left-handed  direction 

(NOTE'  The  nqht-hand  and  left-hand  snips  can  be  distinguished 
by  the  position  of  the  upper  blade.  When  the  snips  are  held  in 
a  position  to  cut  the  metal,  if  the  upper  blade  is  on  the  operator's 
^  right,  then  they  are  right-hand  snips.  If,  in  this  posit'  i,  the  upper 
blade  is  on  the  left,  they  are  left-hand  snips  ) 

CC.  Double  cutting  snips  For  cutting  sheet  meta<  where  both  pieces  of  metal 
must  lay  flat 

DD.  Hand  crimper -For  crimping  the  end  of  sheet  metal  pif^e  so  that  sections 
may  be  fitted  together  ' 

EE    Refrigeration  ratchet-For  front  seating  and  back  seating  service  valves  and 
acetylene  cylinder  valves 

Care  of  specialized  tools 

A.     Refrigeration  gauge  set 

1.       Keep  hoses  plugged 

2        Check  gauge  calibration 

3.       Oil  manifold  hand  valve  stems  twice  a  year 

(NOTE    Two  drops  of  oil  on  each  shaft  is  sufficient) 

^  4         Replace  gauge  lenses  t+"  crackeJ  or  broken 

(NOTE  Do  not  allow  o»i  froai  refrigeration  system  to  enter 
mtmifold  (jauqe  because  this  will  damage  the  gauge  ) 

\  '  ■ 

B      Leak  detectors 

1  Ciean  orif'ce  and  hose  of  hcJide  torch 

9 

2  EleMronic  leak  detectors 
a       Do  not  drop 

b      Keep  probe  C'  in  , 

c      uc  !~<Gt  use;  3rouru1  a  heavv  concentrdtion  of  refrigerant 
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Drill  motors  \^ 
1        Check  fof  defective  conj 

2.  Do  not  overload 

3.  Keep  motor  coolinVopenings  clear 


4.  Do  not  d'^op 

5.  Do  not  ii^t  by  cord 
DriP  bits 

1        Keep  sharp 

2.       Do  not  force  or  bend 

3  Use  a  few  drops  of  cuttmg  oil  when  drillmg  heavy  meta! 

4  Do  not  use  wood  bits  for  sheet  metal^ 

'  ^5        Use  water  as  a  coolant  when  drilling  concrete  or  stone 
Bench  grinders 

1         Keep  safety  shield  c'ean  and  in  place 
Keep  too!  rest  tight  ^ 

3        Th!!  instructor  when  grinding  wheel  needs  lo  be  dressed 

Vises  ^ 

1  Keep  clean 

2  Oil  c'ampin.*:  screw 

3  Du  not  hannmer  on  jaws 

4  Do  not  overtighten 
Pii'iers 

1  Kt'<-M3  tip  pointGti  * 

^     2  Oii  t^^roaded  sliaft 

3  Do  fiot  drop 

171; 
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t  H.  Thermometers 

1.       Do  not  drop  ^ 
2-  '     Do  not  kmk  remoTe  bulb  capillaries 

3.  Use  only  in  proper  temperatur^  range 

4.  Keep  pocket  thermometers  in  case  when  not  in  use 

5.  Check  batteries  on  thermal  electric 
I.      Recording  thermometers  ' 

1.  Do  not  drop 

2.  Do  not  wind  clock  too  tight  on  manual  wmd 

3.  Place  rv  nrder  where  it  will  not  be  knocked  off  ^ 
J,     H\ ^  ometers 

1.  Do  not  drop 

2.  Use  distilled  water  on  wet-btilb  wick  '      "  . 

3.  Keep  in  case  when  not  m  use 

4.  Change  w;ck  frequently 
K.    Vacuum  j^jmps 

^  1 ,       Change  oil  often 

(NOTE.  Vacuum  pump  manufacturers  recommend  changing  the 
oil  after  every  evacuation.) 


ERLC 


2        Keep  clean  < 
Vacui,  ^1  indicators  -  H 

1 ,       Do  not  drop 

2        Keep  clean 

3.       Store  in  safe  place  when  not  in  use 
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liNifOHMATION  SMFEr 
P  iu>t  ovfM[)»essur).r'  (jjiuie  Ofi  nyuViLiIir  tnjrri,)  {\lp 

?  Do    l^or    'i'Op    Of    kl^OCk  LUfT 

3         it  ^^['\:t-jnt  IS  !(^it  in  c\'Mid^v,  tjy  it  as       lyo/  or  fofntjor^nt 
nor  hiMt  wi^     i  LOr{  ^ 

I         Dm  mo^  (-vrittuntCi^  hennpbL  ^^-M-viCe  vd'ves 

'PviOTF.   OvfTltuht. ';;nq  wi''  Lan^e  the  valv^^  c-»c1df3Lers  T^al  arp  us'kI 
i^-'    nerrvtfMjc  service  Vc^'v^   ku  to  ['jreak  ) 

;*         L^o  not  f  ^Vc'' tiun  rcr>  vaive  cores 

iv^O  1  h    Overti[)i}ienini  iviii  stun  out  the  valve  cotes) 

n'.  rnfyi.:  I'.ie  t^iercinvj  v^^lu'S  after  systen,  s^^rv  'pq  t3  ovet 


'J"   to*  <'v'  ti'  ^v^M(}h  objrrt^  heavte'  tf^an  tiir  iimiN  of  the  scales 

.)(^   ,  O^.    I'/    to  tH>|LVt-   Wltli   ttiU  scaie  MM'  'n  th,^  iock^M 


[)'(')Oini  vViif  '''t'"*   thf'  preset  soaetf,^]  o'  t-,^  '"""h 
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S      Cumbusticjn  lest.ng  kit 

1  Read  instructions  included  in  kit 

2  Store  in  a  safe  place  when  not  in  use 
T-.     Air  meters 

1         Do  not  drop 

2.       Store  in  a  safe  place  when  not  m  use 
U.     Appliance  truck 

1  Lubricate  wfieel  bearings 

2  Roll  strap  up  on  ratchet  when  not  bemq  used 

3  Oii  ratchet  mecbanisn"'  evei^v  three  months 

4  Move  only  objects  the  truck  can  support 
V     Kriock  ouT  cutter 

1  Do  not  drop 

2  Use  only  on  proper  QdUge  metal 
W     Combination  pattern  snips 

1.        Do  not  throw  or  drop 

2  Koep  sharp 

3  Oi!  sv;ivel  point 
Hand  notcher 

1         Use  only  on  proper  gauge  rr^-tal 
Or 

3         Do  not  ^hrow  or  drop 

1  K':i\)  clean  and  oiled 

2  Do  not  throw  or  drf^^ 
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Z      H  vi'N  T 

?  Do  \)oi  throw  ur  nro|: 

A^^    H'K'  I'M'}  haMinifj' 

1  Do  -lot  tnrow  or  drc^f) 

2  Keep  handle  tight 
BB    ^    i^on  strips 

1  Df'  -mt  throw  or  uf^op 

0  Kk  f»p  cit  :i  and  cit^an 
CC    DoL'hl^  ci.tr-i.j  s'Mps 

1  Dt)  I'oL  tnfovv  or  drof) 

3  KfV^p  oi!-a  LiiyJ  riejo 

]  n.U  t,^,rrj\/'v'  or  d»'op 


0)  I  Ml   iDoiv  t'xips^iu    force  on  ratchet  mechanism 
u>i    .sr  j'^  H  l^.irrii^v' t 
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3        Hose  ports 
4.       Gauge  ports 
Compound  qauge 

1  Pressure  0  -  200  p  s  i.g 

2  Vacuum  0  -  30  inches  of  mercury 

3  RecaliDraxion  screw 

4  Lens 
Pressure  gauge 

1         Pressure  0     500  p.s  i.g 
?        Recaiibration  screw 
3  Lens 
Refrige'^ant  hcse 

1  Neoprene 

2  1/4"  female  flare  ends 

3  Valve  core  defjressors 
Hosr^  ^u>lder 

1  Fits  on  manifold 

2  1  4"  rTicJif  ['are  fittings 

3  Hook  • 

of  fffr'nerjth^r^  iiiii^'O  5et  components 

Chcir  (  Mg 
?         Fv:icuat  nn 
3        Cliecl-  in.|  ^)re>sures 
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1  Ch.i,(}i!V]  v<-ipi'r 

2  Lv  .cuatifm 

3  Pujssun/inq 

C      Pris^urp  Ovi'jqi  ^ 
1  Ch.ifcjifiu  into  liiijh  side 

?         Ev.iCi)cU!?u|  tlMOUt)fi  both  sirii^s 
Fft'^MiriZ'nq 
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Ev<j''ai:it.iuj 


^1  ri/ir,q 


^^'■ppijKj  lie's  c'ean 


Hoi.iifu;  ^oses  w^eri  not  in  use 


Special  Tools 


Drill  Motors 

Straight 


Offset 


Refrigeration  Gauge  Set 


Leak  Detectors 


Soap  Solution 
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Electronic 


I 


Halide 
Torch 


Drill  Bits 

Twist 


Wood 


Special  Tools 


(Continued) 


Masonry 


1  F 


Bench  Grinder 


Vises 


Bench 
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Pipe 


I 


Gear 


Pullers 


Wheel 


> 
o 
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eciat  Tools 

(Continued) 


Recording 
Thermometers 


Manual  Wind 


Electric 


Hygrometers 

Humidity  Sling  Psychrometer 

Recorder 


Dial  Type 


Special  Taols 


(Continued) 

Thermocouple 


4 


Special  Tools 


Manual  (Continued)  Charging  Cylinder 


Oil  Pump 


Scales 


^^^^ 


Special  Tools 

(Continued) 


Fin  Combs 


Combustion  Testing  Kit 
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Special  Tools 


(Continued) 

Aneometer  Pitot  Tube 


Hand  Notciier 


Riveting  Hammer 


Hand  Crimper 


Special  Tools 

(Continued) 
Hand  Seamer 


Riveter 


Appliance  Truck 


Aviation  Snips       Double  Cutting  Snips 


Combination  Pattern 
Snips 


Knock-Out  Cutter 


Refrigeration  Ratchet 
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Refrigeration  Gauge  Set  Components 


Compound  Gauge 


Hose 
Holder 


Hose  Port 


Pressure  Gauge 


Recalibration 
Screw 


Gauge  Manifold  Body     Gauge  Manifold 

Hand  Valves 


Valve  Core  Depresso 
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SRECIAL  TOOLS 
UNIT  II 


JOB  SHEET  #1"SKARPEN  A  TWIST  DRILL  BIT 

Tools  and  materials 

A.  Drill  bit 

B.  Bench  grinder 

C.  Water  tray  ' 

D.  '  Safety  glasses  »      *  **  , 

E.  Drill  bit  gauge 

F.  Oil  stone 
Procedure 

A.  Put  on  safety  glasses 

B.  Adjust  tooi  i^est  to  proper  clearance  y/-  * 

(NOTE:  Proper  clearance  is  approximately  one-eighth  inch  from  wheel.) 

C.  Turn  on  grinder 

D.  Grind  each  lip  of  the  drill  bit  to  p  oper  angle  of  59*  (Figure  1) 


FIGURE  1 


Grinding  the  Drill 
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E.     Roll  drill  bit  tc  the  riqlu  and  up  to  the  face  of  the  stone  to  generate 
back  clearance  angle  of  10°  to  12''  (Figure  2) 


FIGURE  2 


lO'^-  12 


Dead  Center , Angle 


to  135° 


Lip  Clearance 


F.  Dip  in  water  tray  occasionally  to  prevent  overheating  the  drill  bit 

G.  Check  correct  angle  vith  a  bit  gauge  (Figure  3) 

FIGURE  3 


Check  Angle 


H,  Turn  off  grinder 

I.  -Hone  cutting  ed^es  ot  the  drill  bit  to  remove  burrs 
J.     Recheck  all  cutting  angles    •  ) 


SPECIAL  TOOLS 
UNIT  II 


TEST 


1.       Match  the  terrr.s  on  the  right  to  the  correct  -'^fi-^itions. 
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a. 

Hufriidity  sensing  device 

1. 

Hygrometer 

b. 

Instrument  consisting  of  a  "U"  shaped 

High  vacuum 

glass  tube  with  either  mercury  or  water 

In  it  for  the  measurement  of  pressure 

Conduit 

o 

4. 

Evacuating 

1  uuuior      cnLiobure    *  lor      ei&s«iriuai  ^ 

\ 

conductors 

5. 

Charging 

d. 

Replacing  or  adding  refrigerant  to  a 

6. 

s  Thermal  icctric 

refrigeration  system  ' 

lead 

e. 

Vacuum  of  2000  to  .1  microns  and 

s  . 

Manometer 

requires  a  two  stage  pump;  also  called 

a  deep  vacuum 

8. 

Hermetic 

f. 

Using  a  vacjum  pump  to  pull  a  vacuum 

9; 

Combustion 

on  a  refrigeration  system  for  the  purpose 

of  removing  air  and  moisture 

Sealed  system 

h. 

Burning  of  fuels 

i.  Lead  made. up  of  two  dissimilar  metals 
which  creates  a  small  amount  of  voltage 
upon  temperature  change 
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Describe  the  use  of  the  specialized  tools, 
a.  *  Thermometers 

1)  Flue  and  stack- 

2)  Thermal  electric- 

3)  Pocket- 

4)  Remote  bulb- 
fa.     Leak  detectors- 

c.  Vacuum  pumps 

1)  High  vacuum- 

2)  Low  vacuum- 

d.  Capillary  tube  cleaners 

1 )  Manual- 

2)  Hydraulic- 

e.  Oil  pump- 

f.  Service  valves 

1)  Access  core  type  valves- 

2)  Process  tube  adapters- 
Si       Hermetic  service  valve  kit- 
4)  •     Line  piercing  valves- 
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g.  Pullers 

1 )  Gear- 

2)  Bearing- 

3)  Wheel" 

h.  Scales- 

r.     ComBFnation  pattern  snips- 
j.     Refrigeration  ratchet- 
k.  ^  Refrigeration  gauge  set-- 

I.  Vises 

1)  Pipe- 

2)  Bench" 
m.    Hand  notcher- 
n.     Drill  motors 

1)  Straight" 

2)  Offset" 

o.     Recording  thermometers 

1)  Manual  wind- 

2)  Electric- 
p.     Bench  grinders- 

q.    Vacuum  indicators 

1)       Mercury  manometer- 
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2)  Compound  gauge- 
Si       Thermocouple  micron  gauge- 

i 

r.     Hand  crim|5er- 

s.     Drill  bits 

1)  Twist" 

7     /  .  2)  Wood;- 

3)  Masonry- 
t.     Aviation  snips 

1)  .  ^Right-hand- 

-    ^  \ 

2)  "  Left-hand  - 

u.     Knock-out  cutter - 
V.  Hygrometers 

1)  Sling  psychrometer- 

2)  Dial  type- 

3)  Humidity  recorder- 
w.    Combustion  testing  kit- 

X.     Charging  cylindei- 

y.     Fin  combs- 

2.     Double  cutting  snips  • 
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aa.   Air  meters 

1)  Incline  mjoometer- 

2)  Pi  tot  tube- 

^  3)  Aneonneter" 

bjb.  Riveting  hammer- 
cc!  Riveter- 
dd.  Appliance  truck- 
ee.    Hand  seamer- 
4..      Describe  the  care  of  the  specialized  tools. 
^    a.  Thermometers 


b.     Leak  detectors 


c.     Vacuum  pumps 


d.    Capillary  tube  cleaners 
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e.  Oil  pump 

f .  .    Service  valves 

g.  Pullers 

/ 

h.  Scales 

i.  Combination  pattern  snips 


}.  .   Refrigeration  ratchet 


k.     Refrigeration  gauge  set 


I.  Vises 
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m.    Hand  notcher 


n.    Drill  motors 


o.    Recording  thermometers 


p.    Bench  grinders 


q.    Vacuum  indicators 


r.     Hand  crimper 


s.     Drill  bits 


t.     Aviation  snips 


to 
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u.  Knock-out  cutter 
v«  Hygrometers 


w.  Combustion  testing  kit 
X.     Charging  cylinders 


y.  Fin  combs 

z.  Double  cutting  snips 

aa.  Air  meters 

bb.  Riveting  hammer 

cc.  Riveter 

dd.  Ap^^liance  truck 


ee.    Hand  seamer 
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6.  List  when  each  refrigeration  gauge  set  component  is  used. 

a.  Gauge  manifold 

1) 

2) 

3) 

b.  Compound  gauge 

1) 

2) 
3) 

4) 

c.  Pressure  gauge 

1) 

2) 
3) 
4) 

d.  Refrigerant  hoses 

1') 

I 

e.  Hosej  holder 

1)  ! 

1 

2)  1 

1 

7.  Demonstrate  the  ability  to  sharpen  a  twist  drill  bit. 

(NOTE:  If  this  activity  has  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  vvhen  it  should  be  completed.) 
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ANSWERS  TO  TEST 


a. 


1  f.  4 
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b.  7  g.  8 

c.  3  h.  9 

d.  5  i.  6 

e.  2 

a.  Refrigeration  gauge  set 

b.  Soap  solution  leak  detector 

c.  Hal'ide  torch  leak  detector 

d.  Electronic  leak  detector 

e.  Straight  drill  motor  : 

f.  Offset  dnil  motor 

g.  Twist  drill  bit 

h.  Wood  drill  bit 

i.  Masonry  drill  bit 
j.  Bench  grinder 

k.  Bench,  vise 

I.  Pipe  vise 

m  Wheel  puller 

n.  Bearing  puller 

o.  '  Gear  puller 

p.  Pocket  thermometer 

q.  Remote  bulb  thermometer 

r.  Flue  and  stack  thermometer 
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's.  Thermal  electric  thermometer 

t.  Manual  wind  recording  thermometer 

u.  Electric  recording  thermometer 

V.  Sling  psychrometer 

w.  Dial  type  hygrometer 

X.  Humidity  recorder 

y.  Low  vacuum  pump 

7  High  vacuum  pump 

aa.  Compound  gauge 

bb.  Mercury  manometer 

cc.  Thermocouple  micron  gauge 

dd.  Manual  capillary  tube  cleaner 

ee  Hydraulic  capillary  tube  cleaner 

ff.  Charging  cylinder 

gq.  Hermetic  service  valve  kit 

hh.  Access  core  type  valves  * 

\  Process  tube  adapters 

]j.  Line  piercing  valves 

kk.  Scales 

II.  Fin  comb 
mm.  Oil  pump 

nn.  Combustion  testing  kit 

00.  Aneometer 

pp.  Pitot  tube 

qq.  Incline  manometer 

rr.  Appliance  truck 
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ss.    Knock-out  cutter        j  i 
tt.    Combination  pattern  snips 
uu.   Hand  notcher 
vv.    Hand  seamer 
WW.  Riveter 
XX.   Riveting  hannnner 
yy.   Aviation  snips 
zz.    Double  cutting  snips 
aaa.  Harid  crinnper 
bbb.  Refrigeration  ratchet 
Description  should  include: 

a.  THernnonneter^ 

1)  Flue  and  stack-For  checking  the  temperatures  created  in  gas  flues 
arrd  stacks 

2)  Thermal  electric-For  measuring  temperatures  from  -50*"  to  as  high 
as  +1000'F 

3)  Pocket-For  checking  the  temperature  of  refrigeration  components 
and  systems 

4)  Remote  bulb-For  checking  temperatures  in  one  area  and  reading 
the  temperature  on  a  dial  in  another  area 

b.  Leak  detectors-For  locating  refrigerant  leaks 

c.  Vacuum  puiYips 

1)  '  High  vacuum-For  evacuating  a  refrigeration  system;  used  in 

conjunction  with  a  high  vacuum  gauge  manifold  and  micron  gauge 

2)  Low  vacuum-- For  evacuating  a  refrigeration  system,  used  in 
conjunction  with  a  gauge 'manifold 

d.  Capillary  tube  cleaners 

1)  Mani'dt- Forces  oil  or  R-11  through  a  capillary  tube  when  the 
pressure  handle  is  turned  clockwise 

2)  Hydraulic-Forces  oil  or  R-11  through  a  capiUar\  *ube  with  the 
use  of  a  hydraulic  pump 
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Oil  pump  -For  putting  oil  into  a  compressor  without  the  danger  of 
contamination 

Service  valves 

1)  Access  core  type  valves -Allow  the  refrigerant  system  pressures 
to  be  checked  when  the  gauge  hose  depresses  the  core 

2)  Process  tube  adapters -Provides  a  gauge  connection  by  fitting  onto 
the  end  of  charging  stubs 

3)  Hermetic  service  valve  kit  -Allows  the  connection  of  refrigeration 
gauges  to  some  hermetic  systems 

.    4)        l-ine  piercing  valves  -Allow  a  gauge  corinection  by  tightening  onto 
a  charging  stub  and  piercing  it 

Pullers 

1)  Gear-For  removing  small  pulleys  or  gears  from  motor  shafts 

2)  Bearing  - For  removing  or  installing  bearing  and  bushings  in 
motors 

3)  Wheel  -For  removing  pulleys  and  bearings  from  motor  shafts 

Scales  For  weighing  the  amount  of  refrigerant  during  the  charging  process 

Combination  pattern  snips -For  all  general  purpose  cutting  of  sheet  metal 

Refrigeration  ratchet  For  front  seating  and  back  seating  service  valves  and 
acetyleh'e  cylinder  valves 

Refrigeration  gauge  set-  f^or  charging,  evacuating,  and  checking  pressures  on 
refrigeration  systems 

Vises 

1)  .       Pipe  For  holding  pipe  or  conduit  secure 

2)  Bench-  For  holding  objects  secure 

Hand  notcher  For  cutting  notches  in  the  edge  of  sheet  metal 
Drill  motors 

1)  Straight -For  drilling  holes  in  metal  or  wood 

2)  Offset  -For  d-illing  holes  in  metal  or  wood  in  limited  working 
space 
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* 

o.     Recording  thermometer? 

1)  Manual  wind-  Records  temperatures  on  a  time  chart 

2)  Electric-Records  temperatures  on  a  strip  chart 
p.     Bench  grinders-For  grinding  metal  edges 

q.     Vacuum  indicators 

1)  Mercury  manometer-Indicates  an  accurate  vacuum  reading  below  ^ 
25  inches;  used  with  a  vacuum  pump 

2)  Compound  gauge -Indicates  vacuum  accurately  to  25  inches  of 
mercury 

3)  Thermocouple  micron  gauge-An  extremely  accurate  vacuum 
indicator;  used  in  conjunction  with  a  high  vacuum  pump 

r.      Hand  crimper-For  crimping  the  end  of  sheet  metal  pipe  so  that  sections 
may  be  fitted  together 

s.     Drill  bits 

1)  Twist-For  drilling  metal 

2)  Wood-  For  drilling  wood 

3)  Masonry--For  driUing  concrete  and  stone 
t.     Aviation  snips 

1)  Right-hand  -For  cutting  sheet  metal  in  a  right-handed  direction 

2)  Left-hand -For  cutting  sheet  metal  in  a  left-handed  direction 
u.     Knock-out  cutter-For  making  holes  in  sheet  metal 

V,  Hygrometers 

1)  Sling  psychrometer-  Wet-bulb  and  dry-bulb  temperature  will  be 
obtained  by  whirling  the  psychrometer  for  15  to  20  seconds 

2)  Dial  type- Contains  human  hsir  that  reacts  to  humidity  changes 
which  gives  a  meter  reading 

3)  Humidity  recorder-  Records  humidity  changes  on  a  time  chart 

w.    Combustion  testing  kit  For  servicing  gas  or  oil  furnaces  to  detect  C02 
content,  draft,  stack  temperature,  and  smoke 
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X.     Charging  cylinder  For  charging  the  proper  amount  of  refrigerant  into  a 
systenn,  used  with  a  gauge  nnanifold  set 

y.     Fm  combs  For  straightening  the  heat  transfer  fins  on  condensers  and 
evaporators 

z.     Double  cuttmij_snipS"For  cutting  sheet  metal  where  both  pieces  of  metal 
must  lay  flat 

aa.    Air  meters 

1)  Incline  manometer-  Used  with  a  pitot  tube  to  determine  air 
velocity  pressure  and  static  pressure 

2)  Pitot  tube -Determines  air  speed  by  ootaining  air  pressure  through 
a  grille 

3)  Ane9meter  Measure  the  speed  of  the  air  being  supplied  through 

a  yr  '!e 

bb.   Riveting  hammer-  For  forming  tne  sheet  metal  ^ 

cc     Riveter  For  nveting  pieces  of  sheet  metal  together 

dd.   Apf)liance  truck  Foi  moving  refrigerators  and  other  heavy  equipment 

ee.    Hand  soamer  For  forming  a  seam  on  a  piece  of  sheet  rnetal,  by  hand 

Description  should  include'  ' 

a.  Thermometers 

1)  Do  not  drop 

2)  Do  not  kink  remote  bulb  capillaries 
31        Use  only  in  proper  temperature  range 

^     4)        Keep  pocket  thermometers  in  case  when  not  in  use 
5)        Check  batteries  on  thermal  electric 
b      Leak  detectors  '\ 

1)  Clean  orifice  and  hose  c^f  halide  torch 

2)  Electronic  leak  detectors 
,^a)     Do  not  drop 

b)  Keep  probe  clean 

c)  Do  not  use  around  a  fieavy  concentration  of  refrigerant 
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Vacuum  pumps 

1)  Change  oil  often 

2)  Keep  clean 
Capillary  tube  cleaners 

1)       Keep  clean 
^  2)       Do  not  overpressurize  gauge  on  Hiydraulic  pump  type 
Oi{  pump 

1)  Keep  clean 

2)  Put  away  when  not  in  use 

3)  Alyvays  replace  cap  to  prevent  oil  contamination 
Service  valves 

1)       Do  not  overtighten  hermetic  service  valves 
2}       Do  not  overtighten  valve  cores 

3)       Remove  line  piercing  valves  after  system  servicing  is  over 
Pullers 

r 

1)  Keep  tip  pointed 

2)  Oil  threaded  shaft 

3)  Do  not  drop 

Scales  ^ 

1)  Do  not  try  to  weigh  objects  heavier  than  the  limits  of  the  scales 

2)  Do  not  try  to  weiqh  objects  with  the  scale  dial  in  the  locked 
position 

Combination  pattern  snips 

1)  Do  not  throw  or  drop 

2)  Keep  sharp 

3)  ,    Oil  swivel  point 
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j.      Refrigeration  ratchet 

1)  Do  not  apply  excessive  force  on  ratchet  mechanism 

2)  Oil 

3)  '  Do  not  use  as  a  hammer 
k.     Refrigeration  gauge  set 


1) 

Keep  hoses  plugged 

2) 

Check  gauge  calibration 

3) 

Oil  manifold  hand  valve 

4) 

Replace  gauge  lenses  if  c 

Vises 

1) 

Keep  clean 

2) 

Oil  clamping  screw 

3) 

Do  not  hammer  on  jaws 

4) 

Do  not  overtighten 

m     Hand  notcher 

1)  Use  only  on  proper  gauge  metal 

2)  Oil 

3)  Do  not  throw  or  drop 
n.     Drill  motors 

1)       Check  for  defective  cord 
2!       Do  not  overload 

3)  Keep  motor  coohng  openings  clear 

4)  Do  not  drop 

5)  Do  not  lift  by  co^fi 
o.     Recording  thermometers 

1)       Do  not  drop 
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2)  Do  not  wind  clock  too  tight  on  manual  wind 

^     3)       Place  recorder  whjere  it  will  not  be  knocked  off 
p.     Bench  grinders 

1)     -  Keep^safety  shield 'clean  and  in  place 
-2)       Keep  tool  rest  tight 

3)  Tell  instructor  when  grinding  wheel  needs  to  be  .dressed 

\^ 

q.     VacJum  indicators 

1)  Do  not  drop 

2)  Keep  clean 

^  3)       Store  in  safe  place  when  not  in  use 

r.     Hand  crimper  , 

1)  Do  not -throw  or  drop 

2)  Keep  oiled  and  clean  , 

s.     Drill  bits  ^ 

1)  Keep  sharp 

'   '        2)       Do  not  force  or  bend 

3)  Use  a  few  drops  of  cutting  oil  when  drilling  heavy  metal 
^          4)       Do  not  use  wood  bits  for  sheet  metal 

5)       Use  water  as  a  coolant  when  drilling  concrete  or  stone 
t.     Aviation  snips 

,    1)       Do  not  throw  or  drop 

2)  Keep  sharp  ^        •  « 

3)  Keep  oiled  and  cl^an 
u.  ,  Knoick-out  cutter' 

\\       bo  not  drop 

2)    »   Use  only  on  proper  gauge  metart 


V.     Hygrometers  ^ 

1)  Do  not  drop        '  \\  ^ 

2)  Use  distilled  water  on  wet-bulb  wick 

3)  Keep  in  case  when  not  in  use 

4)  Change  wick  frequently 

w.    Combustion  testing  kit  ^  - 

1)        Read  instructions  included  in  kit 
•         2)  *    Store  in  a  safe  place  when  not  in  use 
X.     Charging  cylinders  r 

1)       Keep  clean  '  ^ 

_  _  2)       Do  not  drop  or  knock  over 

3)  If  refrigerant  is  left  in  cylinder,  tag  it  as  to  type  of  refrigerant 

4)  Do  not  heat  with  a  torch       ,  •  .  , 
y.     Fm  combs -Do  not  drop 


z.     Double  cutting  snips  . 

:  ^thr&w 


1)  Do  not  thr&w  or  drop 

?)  Keep  sharp 

3)  Keep  oiled  ^^njJ/^eTean 
aa.    Air  meters 

1 )  Do  not  drop 

2)  Store  in  a  safe  place  when  not  infuse 
bb.    Riveting  hammti 

'  1)  Do  not  throw  or  droo 

2)  Keep  handle  tight 
cc.  Rfveter 

1)  Keep  clean  and  oiled 

2)  Do  not  throw  or  drop 
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dd.  Appliance  truck 

11       Lubricate  wheel  bearings 

2)  Roll  s^p  uD  on  raxchet  when  not  b/'ng  used 

3)  Oil  ratchet  mechanism  every  three  months 

4)  Move  only  objects  the  truck  can  support 
ee.    Hand  seamer  -  ^ 

1)  Keep'Clean  and  oiled 

■  2)^      Do  not  throvy  drop 
5.       a.     Pressure  gauge  *  . 

4 

b.  Compound  gauge 

c.  Hose  port  , 
^       d.     Hose  holder 

e.'    Gaug^*  .i^anifold  body  • 
•  f.   ,  Gauge  manifold  hand  valves 

g.  Recalibration  screw 

h.  Refrigerant  hose 

i.  Valve  core  depressor  * 
6i       a.     Gaucje  manifold 

1/  Charging 

2)  Evacuating 

3)  Checking  pressures 
b.     Compound  gauge 

1)  Charging  vapor 

2)  Evacuating 

3)  Pressurizing 

4)  Checkirg  low  side  pressures 


231 


138-C 


c.  Pnssure  gauge 

1)  Charging  into  high  side 

2)  Evacuating  through  both  sides  .  * 

3)  Pressurizing 

4)  Checking  high  side  pressures 

d.  Refrigerant  hoses 

1  Charging 

2)  Evacua'ng 

3)  Pressurizing 

4)  Checking  pressures 

e.  Hose  holder 

^    1)       Keeping  hoses  claan 

2;        Holding  hoses  when  not  la  use 

Performance  skill  evaluated  to  the  satisfaction  of  the  instructor 
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MEASURING 
UNIT  III 


/ 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  identify,  care  for,  read,  and 
use  the  types  of  measuring  instruments  used  in  the  air-cofiditioning  and  refrigeration  trade. 
^  This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring  eighty-five  percent 
on  the  unit  test. 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match   terms   associateo   with    measuring   instruments  to  the  correct 
definitions. 

2.  Identify  measuring  instruments. 

3.  Read  the  sixteenth's  rule. 

4.  List  guidelines  for  the  use  and  care  of  rules  and  steel  tapes. 

5.  List  the  procedures  for  the  use  of  the  drill  and  wire  gauges. 

6.  Identify  the  major  parts  of  calipers. 

7.  List  I  les  for  use  and  care  of  calipers. 
&.  Identify  the  maijpr  parts  of  micrometers. 

9.  List  seven  rules  for  the  care  of  micrometers. 

10.  Read  a  micrometer. 

11.  Demonstrate  the  ability  to: 


SPECIFIC  OBJECTIVES 


a. 


Measure  lines  to  the  nearest  quarter,  eighth,  and  sixteenth  of  an  inch. 


b. 


Read  a  rule. 


c. 


Measure  inside  and  outside  diameters. 


d 


Read  the  circumference  rule. 
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e.  Use  the  inside  and  outside  calipers. 

f.  Read  the  micrometer  settings. 

g.  Use  the  outside  micrometer. 

h.  Use  the  inside  micrometer. 


er|c 
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MEASURING 
UNIT  III 

SUGGtSTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information,  assignment,  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  informatiqn  and  assignment  sheets. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Invite  outside  speakers  such  as  a  machinist  or  the  machine  shop  instructor. 

H.  Have  a  speed  contest  between  students  on  making  accurate  measurements. 

I.  Build  a  large  rule  to  hang  up  in  front  of  classroom. 
J.     Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C     Complete  assiijnment  and  job  sheets. 

D.  Complete  activities  assigned  by  instructor. 

E.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I     Ircluded  m  this  unit. 

A.  Objective  sheet 

B.  Information  S'  Jt 
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C.     Transparency  masters 


1. 

TM  1 -Measuring  Instruments 

2. 

TM  2--Measuring  Instruments  \uunvmueu; 

3. 

TM  3"Gr3duations  on  a  Rule 

4. 

TM  4-Reading  the  bigntn  s  Muie 

5. 

TM  5-Reading  the  olxteenth  s  nuie 
✓ 

6. 

TM  6"Major  Parts  oT  uaiipers 

7. 

1  IVl    /-"Uses  OT   inSlue  anu   VyUlblUc  ^byanjjci:* 

Q 
O. 

TM  R-Par-K  nf  ilio  Outside  Micrometer 

9. 

TM  9--rarts  of  the  Inside  iviicromeier 

10. 

TM  10--Uses  of  the  Inside  Micrometer 

11. 

TM  11 -Reading  a  Micrometer 

12. 

TM  12-Sleeve  Readings 

Overlay  A*-Thimble 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1--Measure  Lines  to  the  Nearest  -Quarter, 
Eighth,  and  Sixteenth  of  an  Inch 

2.  Assignment  Sheet  #2-Read  a  Rule 

3        Assignment  Sheet  #3-Measure  Inside  and  Outside  Diameters 

4.  Assignment  Sheet  #4-Re3d  the  Circumference  Rule 

5.  Assignment  Sheet  #5  Use  the  Inside  and  Outside  Calipers 

6.  Assignment  Sheet  #6--Read  the  Micrometer  Settings 

E.  Answers  to  assignment  sheets 

F.  Job  sheets 

1.  Job  Sheet  #1-  Use  the  Outside  Micrometer 

2.  Job  Sheet  #2  -Use  the  Inside  Micrometer 

G.  Test 

H.  Answers  to  test 
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II.  References: 

A.  Machine  Shop  Curriculum.  Stillwater,  Oklahoma:  Curriculum  and 
Instructional  Materials  Center  /  State  Department  of  Vocational  and 
Technical  Education,  1972. 

B.  Zinngrabe,  Claude  J.  Sheet  Metal  Blueprint  Reading  for  the  Building  Trades, 
Albany,  New  York:  Delmar  Publishers,  1971. 
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MEASURING 
UNIT  III 

INFORMATION  SHEET 

I.  Terms  and  definitions 

A.  Measure-Setting  of  limits  or  bounds  according  to  a  predetermined  standard 

B.  Foot-  Unit  of  measure  consisting  of  twelve  equal  parts  called  inches 

C.  Rule-Measuring  instrument  that  is  divided  into  feet,  inches,  and  fractions 
of  inches 

D.  Diameter- Length  of  a  straight  line  through  the  center  of  a  circular  object 

E.  Circumference-Distance  around  a  circle 

II.  Measuring  instruments  (Transparency  1) 


Rules 

1. 

Combination  square 

2. 

Folding  rule 

3. 

Steel  HJle 

4. 

Circumference  rule 

5. 

Steel  tape 

Gauges  (Transparency  2) 

1. 

Drill 

2. 

Wire  ^ 

Calipers  (Transparency  2) 

1. 

Slide 

2. 

Outside 

3. 

Inside 

23 1; 
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D.    Micrometers  (Transparency  2) 

1.  Outside 

2.  Inside 

Reading  a  rule  (Transparencies  3,  4,  and  5) 

A.  All  rules  read  similarly 

(NOTE:  Some  rules  are  graduated  with  more  divisions  per  inch  than  others,) 

B.  Procedure  for  reading 

1.  Count  the  divisions  in  one  inch 

2.  Determine  inches  and  divisions 

a.     Count  the  graduations  after  the  last  full  inch 


«  1 

9/16" 

1/16 

1 1 1  j  1 1 1 1 1 
1 

I'l'l' 

b.     Add  fractions  to  the  last  full  inch 
3        Reduce  the  fraction  if  possible 

4.       Determine  the  feet  and  add  the  inches  and  fraction  of  an  inch 
to  obtdin  a  correct  measurement 

Guidelines  for  the  use  and  ca^e  of  rules  and  steel  tapes 

A.  Use  the  proper  length  and  graduation 

B.  Use  finest  graduation  for  accuracy 

C.  Use  a  good  quality  rule 

D.  Never  bend  or  distort  a  steel  rule  ' 

E.  Use  only  for  intended  purpose 

F.  Rewind  steel  tapes  siowly 

I 
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G.  Start  measurement  at  one  inch  graduation  for  accuracy 

H.  Use  rule  on  edge  for  accurate  reading 

I.  Use  lower  edge  of  circumference  rule  for  figuring  ci'-cumferences  only 

V.  Procedure  for  the  use  of  drill  and  wire  gauges 

A.  Drill  gauge 

1.       Locate  hole  which  drill  bit  fits 
2. ,     Read  drill  bit  size 

B.  Wire  gauge 

1.  Measuring  metal  thickness 

a.  Slide  slot  over  sheet  metal 

b.  Read  thickness  of  metal 

2.  Measuring  wire  circumference 

a.  Insert  wire  into  round  opening 

b.  Read  wire  size 

(NOTE:  A  wire  gauge  is  only  accurate  for  solid  conductor  wire.) 

VI.  Major  parts  of  calipers  (Transparency  6) 

A.  Slide  caliper 

1.  Scale 

2.  Fixed  jaw 

3.  Movable  jaw 

4.  Clamping  screw 

B.  Outside  and  instde  calipers 

1.  Spring 

2.  Adjusting  nut 

3.  Leg 
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VIL 


Rules  for  use  and  care  of  calipers 
A.    .Use  of  calipers  (Transparency  7) 
1. 


2. 

3. 


Fit  part  to  be  measured  between  caliper  jaws  or  legs  to  measure 
outside  diameter 

(NOTE:  Calipers  measure  both  inside  and  outside  diameters  of 
small  parts.  These  measurements  will  be  referred  to  as  i.d.  and 
o.d.) 

Mark  on  movable  jaw  will  indicate  the  diameter  on  the  scale 


Use  inside  and  outside  calipers  to  transfer  measurement  to  a  scale 
or  pattern 

I.. 

B.    Care  of  calipers 


1.       Do  not  drop 

) 


VIII, 


2.  Keep  clean 

3.  Do  not  overtighten  clamping  screw  or  adjusting  nut 
M^or  parts  of  micrometers 

A-    Outsde  micrometer  (Transparency  8) 


1. 

Frame 

2. 

Anvil 

3. 

Spindle 

4 

Lock  nut 

5. 

Sleeve 

6 

Thimble 

7. 

Ratchet  stop 

B.     Inside  micrometer  (Transparencies  9  and  10) 

1.  Body 

2.  Anvil 
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3.  Thimble 

4.  Hanale 

5.  Rod 

6.  Lock  screw 

Rules  for  the  care  of  micrometers 

A.  Keep  instrument  aWay  from 'heat,  abrasive  dust,  moisture,  oil,  and  grease 

B.  Occasionally  clean  and  lubricate  instrument 

C.  Check  instrument  for  accuracy  before  use         *  ^ 
(NOTE:  Observe  for  worn  or  loose  parts.) 

D.  Do  not  overtighten  during  measurements- 

E.  Properly  store 

F.  Handle  instrument  in  correct  manner 

G.  Use  instrument  only  for  intended  use 

Reading  a  micrometer  (Transparencies  11  and  12  and  Qverlay  A) 

A.  Each  numbered  graduation  on  the  sleeve  represents  0.100  (one-hundred 
thousandths  of  an  inch) 

B.  Each  small  graduation  on  the  sleeve  between  the  numbered  graduations 
represents  0.025"  (twenty-five  thousandths  of  an  inch) 

C.  £ach  graduation  found  oh  the  thimble  represents  0,00^"  (one  thousandth 
of  an  inch) 

D.  Total  the  reading  by  adding  the  three  values 

! 


Measuring  Instruments 


Combination  Square 


^^J^^T^^^^^"^^^^^  ^^^fll  ^^^^^  iP^^fll 


Folding  Rule 


"•T'l'I'l'I'l  M' 

 u 

* 

ilildi 

iltlth 

tlilfli 

lllltii 

5 

lltlll 

6  / 
l  lliltlf  J 

1 

3 

4  % 

S 

Ik 

03 

1  04  1 

fiftlfiti 

D5  1 
itiiit 

06  1 

Circur 
07  1 

\\k\ 

iferen 
08  1 

09  1 

Illicit 

i«s  in 

10  1 

tifitii 

SthS'T  

11  l|l2 

Circumference  Rule 


1^... — „                                       ^      ^    .                         ,  , 

Tempered 

l..^......k......«.,.i..»....,..i.....,...,.,.,»  tu,.2'  ' 

^  Steel  Rule 


Steel  Tapes 


L,aaKD  20  «0  O  O  O  ?0 
~      .1.  i.A  ~  *  *  -  *  »2  i  I 


Drill  Gauge 


Outside  Calipers     Inside  Calipers 


s 


9^1 


ing  Instruments 

(Continued) 


Inside  Micrometer 

Slide  Caliper.<^ 


Graduations  on  a  Rule 


Halves 


1 


Quarters 


1 


Sixteenths 

nrrTTTT 


rmryr 

1 


TTT 


3 


Eighths 


'I'l 

> 

1 

Ml 

Thirty-Seconds 

1 

'I'I'i'  'I'i'i' 

Graduations  Applied  to  a  Rule 


Reading  the  Eighths  Rule 
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Reading  the  Sixteenths  Rule 


L  37/16"  =  2  5/16 

 22/16"  =  1  6/16" 

 16/16"  =  1" 

 15/16" 

 14/16"  =  7/8" 

 13/16" 

 12/16 '  =  3/4" 

 11/16" 

 10/16"  =  5/8" 

 9/16" 

 ^8/16"  =  1/2" 

 7/16" 

 6/16"  =  3/8" 

 5/16" 

—  4/16"  =  1/4" 
-3/16" 
-2/^6"  =  1/8" 
l/tti" 


TM  -  5 


Ma^or  Parts  of  Calipers 


Uses  of  Inside  and  Outside 
Calipers 


Outside  Calipers 


Transfer 
Either  Way 


7  1  08  ,  09  1  d    |p|3jj|g  Calipers 

iliiilttiltiiltiiltiflti>'  ^ 


> 

o 
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Parts  of  the  Outside  Micrometer 


Lock  Nut 


Ratchet  stop 


Thimble 


Frame 


LC 


25: 


> 
o 


6 


25U 


Parts  of  the  Inside  Mf  ^^ometer 
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Uses  of  the  Inside  Micrometer 


I 


7  8 

Tp — rji — rji 
Sleeve  Readings 


33 


(11 
O 


I 


ACR  I  •  177-C 


MEASURING 
UNIT  III 

ASSIGNMENT  SHEET  #1-  MEASURE  LINES  TO  THE  NEAREST  QUARTER,  EIGHTH 

AND  SIXTEENTH  OF  AN  INCH 

1.       Measure  these  lines  to  the  nearest  quarter  of  an  inch. 

a.  , 

b.  


d.  , 

Answers 

a.  

b.  

c.   

d.   

2.       Measure  these  lines  to  the  nearest  eighth  of  an  inch. 

a.  

b.  , 

c.  

d.  .  

Answers 

a   

b.   

c.  

d. 
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ASSIGNMENT  SHEET  *1 


Measute  these  lines  to  the  nearest  sixtwnth  of  on  inch 

a   

b  

c  .  

d.    _  _ 

Answers 

a.  

b.  

c.  ' 

d. 


2S 
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MEASURING 
UNIT  III 


ASSIGNMENT  SHEET  #2--KEAD  A  RULE 


Determine  the  correct  dimension  for  each  arrow.  Place  answer  on  the  arrow. 
Example-        Arrow  1  =  1/2" 


mri 


TjTjrrrj-rjTJTjT 
4 


i|Ml|l|i|Ml|'l 


'I'l'I'I' 
1 


1. 

2.. 

3.. 

A.. 

5.. 

6.. 

7.. 

8.. 

9.- 
10.. 
11.. 
12.. 
13.. 
14., 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24., 
25., 
26., 
27.. 
28.. 
29., 
30.. 


'I'l'I'N'I'l' 

3 


U-J. 


'I'i'i'i'iT'' 

5 

.1,1,1.1, 


1 1. 1. 
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MEASURING 
UNIT  III 


ASSIGNMENT  SHEET  #3  MEASURE  INSIDE  AND  OUTSIDE  DIAMETERS 


Use  the  rule  to  measure  the  o.d.  and  i.d.  of  each  tube.  Indicate  the  correct  dimensions 
in  the  space  provided. 


i.d.  id.  id. 


2CU 
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MEASURING 
UNIT  III 


ASSIGNMENT  SHEET  #4-  READ  THE  ClhCUMFERENCE  RULE 


Using  the  circumference  rule -shown,  determine  the  circumference  for  the 

diameters    a    to    e,   and  the  corresponding  diameters  for  the  indicated  / 

circumferences  f  to  j.    Place  answers  in  the  columns  below.  I 
I 

(NOTE:  Read  diameter^  to  closest  1/16"  and  circumferences  to  closest  1/8".) 
a.  b.  c.    -  d. 


a. 
b. 
c. 

d- 
e. 


9- 
h. 
i. 

j- 


rr>. 


p. 


2.       The  diameters  below  are  noted  on  the  circumference  rule.  Find  the  corresponding 
circumferences  ^or  each  diameter  and  place  answers  in  the  column  above. 


k.     33  1/4"  dia. 

1.      1  13/16"  dia. 
m  I. 


tnch  16ths  1 


iiiiii 


iiik 


4 


liiiiii 


m. 


3/4" 


aia. 


o.     35  1/16"  dia. 


n.     34  1/8"  did. 

k.  n. 


(Diamatar  y 
'|i|i'M'|'lMM'i''r 


35 


Circumftrenc^  Inches  in  8ths  i  


1 08  09  1 
lllilllllllillllllLli 


10  1 

ilili 


8tn$  T — 
11  l|l2 

.lillilllllllll 


2?0 


AfcR  I  -  185- 


MEASURING 
UNIT  411 


ASSIGNMENT  SHEET  #5-USE  THE  INSIDE  AND  OjJTSIDE  CALIPERS 

*  <3 

,1.       Measure  the  i.d.  of  three  pieces  of  tubing  with  a  pc  r  of  calipers  and  transfer 
/  the  measurement  to  a  rule. 

2.  Measure  the  o.d.  of  three  pieces  of  tubing  with  a  pair  of  calipers  and  transfer 
the  measurement  to  a  rule. 

3.  Record  measurements.  ' ' 
(NOTE:  Mark  tubing  for  reference.) 

y'  ^ 

\    i, ' 

4.  I.D.  _ 

a.    /" 

5.  O.D. 


a. 


07 


J 
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MEASURING 
UNIT  III 


ANSWERS  TO  ASSIGNMENT  SHEETS 

Assignment    Sheet  ?f1 

1  a  3  1/4" 
b  4  1/2" 
c 

■  d  2" 

2.  a      4  3/4' 

b      2  1/2"  '  .  . 

c.  3  5/8" 
d      4  1/4" 

3.  a.     4  1/13" 
b      1  1/16" 
c      /  5/8" 
d      3  5'16" 

Assignment  Sheet 

2  3  4"  10        2  7/16"  18        4"  26.       5  7/16" 

3  7/8'  11        2  5/8"  19.       4  3/16"  27.       b  b/«" 

4  1  1-8"  12        2  7/8"  20        4  5'16"  28.       5  3/4" 

5.  1  5  16"  13.       3  1/16"  21.       4  5/8"  29  6" 

6.  1  9- 16"  H        3  1/4"  22.       4  7/8"  30.       6  1/8" 
7         1  3'4"  15        3  7/16"             ^3  ^      5  1/16" 

8.  2"  16        3  5/8"  ?4.       r  16" 

9.  2  3/16"  17        3  7/8"  25  8" 


190  C 


Abbu|nnit'iit  ?!!i<"jt  -3 
J      I)  D    1  3  8" 
1,      O  D    1   1  S" 
c      0  0    7  8" 
(I      0  L)    1  ?" 
t'      0  I)   J  H" 
AsMijiimiMU  Shfi'i  "4 


1)      S')    I  8' 


t 


1       t,,     1  ' 
As^ lie n;  1"  1 1  ^'  '  ' 

1  ns/i 
?  0  ?;'r< 
3      D  iria 


1 


7 

a 

9 

10 

1 1 


■■  ;'9i 

•)  n.ih 
■  I)"  ' 

0  'u:-' 
0  r  5  7 

0  hi 3 

f  0 1 


i  i)  1  1 
1  D 


uG  /  8" 

f     ;n  9  iti" 

(,  1/11  16" 
h      18  9  16" 


M 
15 
16 
17 
18 
19 
'0 
VI 
?2 
23 
1 


!  0  0  5  8" 

(1  0  D  13  16" 

h  O  0  11  16" 

I  0  0  118" 


I  0  1  2" 

ID  11  16" 

ID  12" 

I  D  7  8" 


19  15  16' 
21  1  ?" 
104  1  2" 

b  b'8" 


0  079 
0  282 
0  100 
0  1 33 
0  053 
0  393 
U  375 
0  049 
0  058 
0  483 
0  249 
0  102 


m     2  3/8" 
n      107  1  4" 
o      110  1/8" 


27. 
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MEASURING 
UNIT  III 


JOB  SHEET  #1  -USE  THE  OUTSIDE  MICROMETER 

Tools  and  materials 

A,  Micrometer  0-1.000"  size 

B,  VVorkpieces 

1  5  assorted  new  fractional  drill  bits 

2  5  assorted  new  letter  size  drill  bits 

3  5  assorted  pieces  of  motor  shafts  or  tubing 

(NOTE  Am  workpieces  should  be  numbered  or  lettered  for  reference,) 
Procedure 

(NOTE  Wor<pieces  to  be  measured  must  be  clean  and  free  of  burrs,  nicks, 
o»  dents  ) 

A     Clean  the  spindle  and  anvil  of  the  micron  :ter  (Figure  1) 


Figure  1 


CLEAN  SPINDLE  AND  ANVIL 


Cloth  or  Paper 


B      CKeck  the  micr*>rTioter  ,ar  zero  reference 


2^ 
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Hold  the  micrometer  m  the  right  hand  and  the  vvorkpiece  in  thu  lail  hand 
to  measure  nonstationary  objects  (Fiquro  2) 

Figure  2 


Holt;  the  mic^omrter  in  botii  handb  to  rtieasure  stationary  object  (Figure 
3) 


Figure  3 


ACR  I 


JOB  SHEET  #1 

E.     Roll  micrometer  along  palm  of  hand  or  forearm  tor  quick  adjustment 
(Figure  4) 


F.     Tur:i  the  thimble  of  the -micrometer  unt:!  the  anvil  and  spindle  contact 
the  workpiece 

G      Hold  the  anvil  steady  and  move  the  spindle  lightly  over  the  workpiece  to 
locate  the  true  diameter  (Figure  5) 


194-C 
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H  Use  ratchet  ^cop  or  light  sense  of  feel  to  deter^-^  ne  exact  measurement 
J      Obsery/e  'nicrometer  readings 

(NOIE'  Lock  nut  can  be  turned  to  hold  measurement  if  micrometer  nnust 
be  removed  from  workpiece.  Spindle  must  be  unlocked  before  resetting 
to  a  new  measurement.) 

J      List  the  readings  according  to  the  letter  or  number  on  the  workpiece 

K     Return  micrometer  to  its  correct  storage  area  when  finished 

(NOTE  The  spipdie  and  anvil  of  the  micrometer  should  be  left  open  when 
stored.) 

L      Hand  in  the  ifsted  n?adings  to  the  instructor  for  evaluation 


( 


O  ^ 
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MEASURING 
UNIT  III 


JOB  SHEET  #2-USE  THE  INSIDE  MICROMETER 

Tools  and  matericJis 

A.  An  inside  micrometer  set 

B.  10  £rtsorted  bored  workpieces  and  drilled  holes  of  varying  sizes 
(NOTE:  All  workpieces  should  be  numbered  or  lettered  for  reference*:.) 

Procedure 

(NOTE.  Workpieces  to  be  measured  must  be  clean  and  free  of  burrs,  nicks, 
or  dents.)  ^ 

A.    Clean  the  contact  points  and  accessories  of  the  inside  micrometer 


B.  Check  the  inside  micrometer  for  accuracy 

C.  Select  the  correct  extension  rod  and  collar  for  the  required  measurement 


Observe  ba^-  unit  size  and  range  of  movement 


Example: 


2.000"  base  unit  with  a  0.500"  movement 
measures  from  2.000"  to  2.500" 


2 


Add  extension  collar  to  utilize  full  range  of  extension  rod 


3 


Use  tools  to  asser^ible  and  disassemble  accessories 


9  '7  . 


JOB  SHEET  #2 


0.     Establish  a  good  reference  and  contact  point  during  measurement  (Figure 
1) 

(NOTE  Support  inside  micrometer  in  a  comforrable  position  during  use 
Add  extension  handle  for  small  hole  or  deep  hole  application  ) 


Figure  1 


Contact  Point 


^^SING  BASE  UNIT  ONLY 


i 


Reference  Po^nt 


E      Move  the  contact  point  from  side  to  side  ("centralize")  to  find  the  true 

diarrpter  of  ihe  workpiece  (Figure  1) 

(NOTE    Use  hght  sense  of  touch  on  the  thimble  of  the  base  unit  ) 


n 
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OtibL;-\/'e  tf't  lotdl  reading  froi"  trie  base"  unit  of  the  insicu;  micrometer 

iiXOTE  Add  extension  rod  and 'or  exterisjon  collar  ({f  uscd)  lo  tfip  total 
('■'ecisurofnent    See  FiguiO  2  ) 


Figure  2 


;  Contact  Point 


w 

■  \\ 

\  V 
\ 


Reference  Point   /  / 


USING  EXTENSION  ROD 
AND  EXTENSION  COLLAR 


rf-*jd"njs  accordirig  to  t^-e  letter  or  number  on  tne  vvorkp»ece 
R  :l    'J  ''.'fif^  ?' ,!cron  ►^'-er  set  in  o^'^ipjI  O' der  after  use 
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MEASURING 
UNIT  III 


TEST 


Match  the  terms  on  the  right  to  the  correct  definitions.- 


a. 

Length  of  a  straight  line  through  the 

1, 

Circumference 

center  of  a  circular  object 

2. 

Foot 

b. 

Setting  of  limits  or  bounds  according  to 

a  predetermined  standard 

3. 

Measure 

c. 

Unit  of  measure  consisting  of  twelve 

4. 

-Diameter 

equal  parts  called  inches 

5. 

Rule 

d. 

Distl^ce  around  a  circle 

e. 

Measuring  instrument  that  is  divided  into 

\ 

feet,  inches,  and  fractions  of  inches 

Identify  the  measuring  instruments. 


b. 


•a  1 


• 
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4.  List  five  guidelines  for  the  use  and  care  of  rules  arid  steel  tapes, 
a. 

b. 

c.  .  . 

d. 

e. 

5.  List  tne  procedures  for  the  use  of  driM  and  wire -gauges. 

a.  Drill"  gauge 

2) 

b.  Wire  gauge  >-  • 

1) 

a)  . 
b) 

2) 

a) 
b) 


4 


List 
a. 


the  rules  for  use  and  care  of  calipers. 
Use  of  calipers 
1) 


2) 

-3) 

b.    Care  of  calipers 
1) 
2)- 
3) 

Identify  the  major  parts  of  the  micrometers. 
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11.       Demonstrate  the  ability  to: 

a.  Measure  lines  to  the  nearest  quarter,  eighth,  and  sixteenth  of  an  inch. 

b.  Read  a  rule.  '  ^ 

c.  Measure  inside  and  outside  diameters. 

d.  Read  the  circumference  rul6. 

f 

e.  Use  the  inside  and  outside  calipers. 
# 

f.  Read  the  micrometer  settings. 

g.  Use  the  outside  micrometer. 

h.  Use  the  inside  micrometer. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 


2  J 'J 
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MEASURING 
UNIT  III 


ANSWERS  TO  TEST 


a. 

4 

3 

c. 

2 

d. 

1 

e. 

5 

a. 

Steel  tape 

- 

b. 

Combination  square 

c. 

Slide  caliper 

d. 

Inside  micrometer 

e. 

Drill  gauge 

f. 

Steel  tape 

■ 

g- 

Inside  caliper 

h. 
i. 

Outside  micrometer 
Wire  gauge 

j- 

Outside  caliper 

k. 
1. 

Steel  rule 
Folding  rule 

m. 

Circumference  rule 

a. 

1/16"  g. 

7/16" 

m. 

13/16" 

b. 

1/8"  h. 

1/2" 

n. 

7/8" 

c. 

3/16'  i. 

9/16"  ' 

0. 

15/16" 

d. 

1/4"  j. 

5/8" 

p. 

1" 

e. 

5/16"  k. 

11/16" 

q- 

1  3/8" 

f. 

3/8"  1. 

3/4" 

291 


Any  five  of  the  following: 

a.  Use  the  proper  length  and  'graduation  -  ' 

b.  Use  finest  graduation'  for^  accuracy 

c.  Use  a  good  quality  rule 

d.  Never  bend  or  distort  a  steel  rule 

e.  Use  only  for  intended  purpose 

f.  Rewind  steel  tapes  slowly 

g.  Start  measurement  at  one  inch  graduation  for  accuracV^ 

h.  Use  rule  on  edge  for  accurate  reading 

i.  Use  lower  edge  of  circumference  rule  for  figuring  circumferences 

a.  Drijl  gauge 

1)  Locate  hole  which  drill  bit  .fits 

2)  Read  drMI  bit  size 

b.  Wire  gauge 

1)  Measurng  metal  thickness 

a)  Slide  slot  over  sheet  metal 

b)  Read  thickness  of  metal 

2)  Measuring  wire  circumference 

a)  Insert  wire  into  round  opening 

b)  Read  wire  size 

a.  Spring 

b.  Adjusting  nut 

c.  Leg 

d.  Scale 

e.  Clamping  screw 

f.  Fixed  law 

g.  Movable  jaw 
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a.  Use      calipers  ,  / 

1)  Fit  part  to  be  measured  between  caliper  jaws  or  legs  to  measure 
outside  diameter 

2)  Mark  on  movable  jaw  will  indicate  the  diameter  on  the  scale 

3)  Use  inside  and  outside  calipers  to  transf^  measurement  to  a  scale 
or  pattern 

b.  Care  of  calipers 

1)       Do  not  drop 
.2)       Keep  clean 

3)       Do  not-^overtighten  clamping  screw  or  adjusting  nut 


a. 

b. 


Lock  nut 


leeve 


< 


h.  Thimble  - 

i.  Handle 
j.  Rod 
k.  Lock  screw 
I.  Body 
m.  Anvil 


Ratchet  stop> 

d.  Thimble 

e.  Frame 

f.  Anvil 

g.  Spindle 

9.       a.     Keep  instrument  away  from  heat,  abrasive  dust,  moisture,  oil,  and  grease 

b.  Occasionally  clean  and  lubricate  instrument 

c.  Check  instrument  for  accuracy  before  use 

d.  Do  not  overtighten  during  rjeasurement 

e.  Properly  store 

f.  Handle  instrument  in  correct  manner 

g.  Use  instrument  only  for  intended  use 
10.  0.226 

M        Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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TUBING 
UNIT  I 


UN»T  OBJECTIVE 


«After  completion  of  this  unit,  the  student  should  bf>  able  to  distinguish  between  different 
types  of  tubing  and  fittings.  He  should  be  able  to  select  the  proper  size  and  type  of 
tubing  and  fittings  needed  for  a  particular  job.  This  k---  mW  be  evidenced  through 

■demonstration  and  by  scoring  eighty-five  percent  '  j.  .t  test. 


SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,,  tlje  student  should  be  able  tc. 

1 .  Match  terms  associated  with  tubing  to  th  3  co(fect  definitions  or  descriotions. 

2.  Discuss  the  kinds  of  tubing. 

3.  *  Distinguish  between  nonninal  size  copper  tubing  applications  and  ACR  ' 

copper  tubing  applications. 

4.  Match  the  color  coding  of  cartons  and  tags  to  the  type  of  tub'ng. 

5.  List  the  applications^  of  aluminum  tubing. 

6.  List  the  applications  of  steel  tubing. 

7.  Identify  tube  and  flexible  refrigerant  hose  fittings. 

8.  Discuss  the  constructio^i  and  use  of  flexible  refrigerant  hose  in  this  trade. 


TUBING 
UNIT  I 


SUGGESTED  ACTIVITIES 

L  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  assignment  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  and  assignment  sheets. 

F.  Show  students  actual  fittings  and  tubing. 

G.  Have  students  identify  the  actual  components. 

H.  Give  test. 
II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  assignment  sheet. 

'  D.'  Complete  activities  assigned  by  instructor, 
E.    Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 
A.    Objective  sheet 

D.  Information  sheet 

C.    Transparency  masters 

1.  TM  1-Fittings 

2.  TM  2**Fittings  (Continued) 

3.  TM  3*-Fittings  (Continued) 
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4.  TM  4--Qu»ck  Connect  Fittings 

5.  TM  5--Refrigerant  Hose 

D.  Test 

E.  Answers  to  test 
References: 

A.  Althouse,  Andrew  D.,  Turnquist,  Carl  H.,  and  Bracciano,  Alfred  f  .Modern 
Refrigeration  and  Afr  Conditioning.  Homewood,  Illinois:  Goodheart-Willcox 
Co.,  1975. 

B.  Drawn  Coiled  Seamless  Tube,  PittsbOrgh,  Pennsylvania:  Aluminum  Company 
of  America,  January  24,  1976,  . 

C.  Field  Repair  of  Aluminum.  Refrigeration  Coils.  Des  Plaines,  Illinois:  The 
Aluminum  Association,  1972. 

D.  Copper  Tube  Handbook.  New  York,  New  York:  Copper  Development 
Association. 
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TUBING 
UNIT  I 

INFORMATION  SHEET 

Terms  and  definitions 

A.  Tube-Fluid  carrying  pipe  which  has  a  thin  wall 

B.  Nominal  size  tubing-Type  of  tubing  used  r  lines,  drains,  and  in 
other  applications,  but  never  in  connection"     ...  refrigerants 

^NOTE:  This  tubing  is  not  to  be  used  for  air-conditioning  and  refrigeration 
lines  which  carry  refrigerant.) 

C.  ACR  tubing-Tubing  manufactured  specifically  for  air  conditioning  and 
refrigeration  that  is  free  of  contaminants,  sealed,  and  is  measured  by  outside 
diameter 

D.  Annealed  tubing-  Tubing  which  has  been  heat  treated  to  soften  it  for  easy 
bending 

(NOTE:  This  tubing  is  generally  supplied  jn  50  ft  rolls.) 

E.  Hard  drawn-Rigid  copper  tubing  that  shoulc^  not  be  bent 
(NOTE:  This  tubing  is  supplied  in  20  ft.  lengths.) 

F.  Flare-Enlargement  at  the  end  of  a  piece  of  tubing  which  is  made  at  a 
45"*  angle  and  enables  a.  fitting  to  be  placed  on  the  lub'ng 

G.  Sweat-Method  of, soldering  tubing 

(NOTE:  A  sweat  fitting  is  one  that  must  be  soldered  onto  the  line.) 

H.  Compression  fitting  -Tubing  connector  consisting  of  a  nut,  sleeve,  and  union 

I.  Quick  connect-  Fittmg  which  permits  fast  and  easy  connecting  and 
disconnecting  bf  refrigerant  lines 
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INFORMATION  SHEET 

II.    Kinds  of  tubing 

A,  '  Copper 

(NOTE:  Copper  is  the  most  widely  used  tubing  in  this  trade.) 

1 .  Types 

a.     Nominal  size  ^ 
'i.  ACR 

2.  Temper 

a.  Annealed 

b.  Hard  drawn 

3.  Wall  thickness 

(NOTE :  These  wall  th(icknesses  are  in  descending  order  from  heavy 
wall  to  thin  wall.) 

a.  K 

b.  L 

c.  M 

d.  DWV 

4.  Advantages 

a.  High  thermal  conductivity 

(NOTE:  Silver  is  the  only  metal  that  has  a  higher  rate  of 
onductivlty,  but  due  to  expense  it  is  not  used  very  often.) 

b.  Easy  to  solder  and  braze 

c.  Easy  to  bend  and  flare 

d.  High  resistance  to  corrosion 

B.  Aluminum 

1 .  Types 

a.     Coiled  seamless  tube 
b     Thin  wall 
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INFORMATION  SHEET 

2.  Contamination  prevention 

a.  Internally  cle^oed 

b.  Sealed  ends 

3.  Si2es-5/16"  to  3/4"  o.d. 

4.  Advantages 

a.  High  thermal  conductivity 

b.  Easy  to  bend 

c.  Easy  to  flare 

(NOTE:  A  double  flare  is  recommended.) 

5.  Disadvantages 

a.  Porous 

b.  Easily  work  hardened 

c.  Creates  corrosive  action 

6.  Connections 

a.  Aluminum  flare  nuts 

(NOTE:  The  use  of  any  other  type  of  metal  flare  nu,ts  would 
create  a  corrosive  action.) 

b.  Special  solder 

c.  Inert  gas  welding 

d.  Epoxy 

(NOTE:  When  connecting  aluminum  to  copper,  care  must  be  used 
to  prevent  a  corrosive  action.) 


C,  Steel 

1 .  Types 


a.  Thin  vval! 

b.  Stainless 
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INFORMATION  SHEET 
2.  Connections 

»» 

a.  Flaring 

b.  Brazing 

II!.    Applications  of  copper  tubing  for  nominal  size  and  ACR 
A.    Norninal  s\z<^, 

1.  Type  M 

a.  Underground  water  service  . 

b.  Water  distribution  systems 

c.  Chilled  v  ater  systems  :^ 

(NOTE:  This^ype  of  tubing  is  used  lor  this  application  up 

to  1"  i.d.)  < 

d.  Hot  water  heatirg  and  low  pressure  steam 

(NOTE:  This  lype  of  tubing  is  used  for  this  application  up 
to  1  1/4"  i.d.) 

2.  Type  L 

a.     Underground  water-service  where  coils  are  permitted 
b      Hydronic  heating  where  coils  are  used 
c.     Water  heating  or  coiidensate  return 

3.  Type  K  ^  ^  ^ 

a.  Heavy  wall  tubing  where  self-support  is  vital 

b.  Severe  corrosion  conditions 

4.  Type  DWV 

a.  Drain  waste  pipes 

b.  Hot  water  heating  where  larger  than  1  1/4"  is  needed 

B.  ACR 

1.  Air  conditioning 
a.  Suction  line 
b      Liquid  line 
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INFORMATION  SHEET 

c.  Evaporator  coils 

d.  Condenser  coils 

e.  Discharge  line 
2.  Refrigeration 

a.  Suction  line 

b.  Liquid  line 

c.  Evaporator  coils 

d.  Condenser  coils 

e.  Discharge  line 

(NOTE:  Refrigerant  carrying  tubing  is  available  in  "K",  "L",and 
^M*'  wall  thicknesses.  The  majority  of  the  ACR  tubing  is  of  the 


IV.    Color  coding  of  tubing  cartons  and  tags 

A.  Green-Type  K 

B.  Blue -Type  L 

C.  Red-Type  M 

D.  Yellow  -Type  DWV^ 

V,    Applications  of  aluminum  tubing 

A.  Domestic  refrigerators 

1 .  Evaporators 

2.  Suction  lines      . , 

B.  Central  .air-conditioner  condenser 
G.    Automotive  air  conditioner 


it 


L"  wall  thickness.) 


1. 


Condenser 


Liquid  line 


3. 


Receiver 


4. 


Evaporator 
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VI.    Applications  of  steel  tubing 

A.  Compression  refrigeration 

1.  Condensers 

2.  Liquid  lines 

3.  Oil  coolers 

(NOTE:  Steel  lines  are  used  often  on  domestic  refrigeration.) 

B.  Absorption  retrigeration-AII  refrigerant  carrying  components  must  be  steel 
^      .             VII.  -Tube  and  flexible  refrigerant  hose  fittings  (Transparencies'  1,  2,  ind  3) 

A.    Flared  fittings  "  . 

1.  Seal  cap 

2.  Flare  gask?t 
3..  Cross 

4.  Union  elbow 

5.  Female  elbow 

6.  Reducing  union  elbow 

7.  '   Female  swivel  elbow 

8.  Short  nut 

(NOTE:  This  nut  is  also  made  with  slits  or  holes  t6  be  used  in 
low  temperature  applications  which  prevents  the'  nut  from 
loosening  due  to  expansion  and  contraction.  This  type  of  nut 
is  called  a  frost  free  nut.) 

9.  Long  nut 

10.  Cap  nut 

1 1.  Flare  cap 

%2.       Nut  heavy  pattern 
13.  Plug 
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14.  Union  tee 

15.  Reducing  tee-Small  to  large 

16.  Reducing  tee-Large  tp  small 

17.  Union 

18  Female  connector 

19.  Female  union, 

20.  Tee-Female  to  male 

21.  Reducing  union 

22.  Reducer 

23.  Swivel 
Flare  to  pipe  fittings 

1.  Male  elbow 

2.  45""  male  elbow 

3.  Male  branch  tee 

4.  Male  run  tee 

5.  Female  coupling 
S.  Male  connectdr 

Compression  fittings 

1.  Sleeve 

2.  Nut 

3.  Union 

4.  Compression  to  pipe  union 

5.  Union  elbow 

6.  Union  tee 

3or 
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7.  Female  connector 

8.  Female  elbow  ^ 
(NOTE:  Compression  fittings  are  not  suitable  for  refrigerant  lines.) 
Sweat  fittings 

1.  Coupling 

2.  Coupling  reducer 

ft 

3.  Return  bends 

4.  Suction  line  traps 

5.  90'  elbow 
/'6.  ^     45'  elbow  " 

7.  Street  elbow 

(NOTE:  Sweat  elbows  are  available  with  either  a  long  or  short 
^  bend  radius.) 

8.  Cap 

9.  'Tee  \ 

10.  Sweat  to  pipe 

11.  Sweat  to  flare 

12.  Sweat  ^  flare  swiveh- 
Hose  fittings 

1.  Flare 

a      Male  ^ 
b.  Female 

2.  Splice  .  / 

a.  Tee 

b.  Straight  ^  * 
(NOTE:  These  fittings  are  primarily  used  on  automotive  air  conditioning.) 
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INFORMATION  SHEET 

F.    Quick  connect  fittings  (Transparency  4) 

1.  Cutter  type  ^ 

(NOTE:  Thh  type  of  fitting  is  used  on  precharged  refrigerant  lineS 
and  the  refrigerant  charge  will  be  lost  if  Jhe  line  is  removed  after 
it  has  orK:e  been  installed  on  a  system.) 

2.  Spring  loaded  seal 

(NOTE:  This  type  of  fitting  is  used  on  precharged  refrigerant  lines 
*    and  it  may  be  removed  from  a  system  without  losing  the  charge.) 

VIII.    Flexible  refrigerant  hose  (Transparency  5)  ^ 

A4  Construction 

1.  Outer  core  heat  resistant  ventilated  neoprene 

2.  Double  layer  rayon  cord^ 

3.  5oft  dense  refrigeration  grade  neoprene  irlner  liner 
B.  Use 

1.  Primarily  automotive  air  conditioning 

2.  Central  air  conditioning  where  corrfplicated  bends  might  be 
encountered 

3.  Units  that  have  a  tendency  to  vibrate  excessively 
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Fittings 


Seal  Cap  Flare  Gasket 


Cross 


Reducing  Union 
Union  Elbow     Female  Elbow  Elbow 


Female  Swivel  Elbow.     Short  Nut  Long  Nut 


Cap  Nut 


Plug 


g9  (go 

Flare  Cap        Nut-Heavy  P^ern 

Q 


Union  Tee 


Reducing  Tee  Reducing  Tee 

Small  To  Large  Large  to  Small 


Union 
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Female  Connector     Female  Union      Tee  Female  To  Male      Reducing  Union 


Reducer  Swivel 


3  v. 
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> 

o 

3) 


O 


.# 


'  Flare  to  Pipe 


Male  Elbow       45"^  Male  Elbow 


Mala  Branch  Tee      Male  Run  Tee. 


Female  Coupling      Male  Connector 


(Continued) 
Compression 

Sleeve  Nut 

Q  0 

Compression  To 
Union  Pip^  Union 

Union  Elbow        Union  Tee 

go 


Female  Connector 


Female  Elbow 


Sweat 


Coupling         Coupling  Reducer 


Return  Bend 


Suction  Line  Traps 


> 

o 
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Fittings 

(Continued) 

Sweat  Hose  Fittings 

90^  Elbow  45''  Elbow  Street  Elbow 


3 
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Female  Flare 


Male  Flare 


Cap  Tee 

Straight  Splice 


Tee  Splice 

Sweat  To  Pipe  Sweat  To  Flare      Sweat  To  Flare  Swivel 
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Quick-Connect  Fittings 


Spring  Loaded  Seal 
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Refrigerant  Hose 


Double-Braided  Refrigerant  Hose 

Double  Layer  Rayon  Cord  


1 


Ventilated  Outer  Core  of  Tough 
Heat  Resistant  Neoprene 


Soft  Dense  Refrigeration  Grade 
^       ^    ^  Neoprene  Inner  Liner 

Hi 


Smooth  Mandrelled  Interior 
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TUBING 
UNIT  I 


TEST 


1.       Match  the  terms  on  the  right  to  the  correct  definitions  or  descriptions. 


a.' 

Rigid  copper  tubing  that  should  not  be 

1. 

ACR  tubing 

bent 

2. 

Compression 

b. 

Type  of  tubing  used  on  water  lines, 

fittfng 

drains,  and  in  other  applicjations,  but 

never  in  connecl;ion  with  refrigerants 

3.. 

Nominal  size^ 

tubing 

c. 

Tubi4«g  which  has  been  heat  treated  to 

soTten  it  for  easy  bending 

4. 

.  Quick  connect 

d. 

Method  of  soldering  tubing 

5. 

Annealed 

tubing 

e. 

Tubing  connector  consisting  of  a  nut. 

sleeve,  and  union 

6. 

Sweat 

f. 

Fluid  carrying  pipe  which  has  a  thin  wall 

1. 

Flare 

g 

EnlargenDent  at  the  end  of  d  piece  of 

8. 

Hard  drawn 

tubing  which  is  made  at  a  45*,angle  and 

enables  a  fitting  to  be  placet)  ori  the 

9. 

Tube  „ 

^  tubing 

 h.  Fitting  which  permits  fast  and  easy 

connecting  and  disconnecting  of 
lefrigerant  lines 

 i.   Tubing  manufactured  specifically  for  air 

conditioning  and  refrigeration  that  is 
free  of  contaminants,  sealed,  and  is 
measured  by  outside  diameter 
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Distinguish  between  nominal  size  copper  tubing  applications  and  ACR  copper 
tubing  applications  by  placing  an  "X"  for  nominal  size  and  an  "0"  for  ACR 
in  the  appropriate  blank. 

 ^a.  Chilled  water  systems 

 b.  Refrigerant  liquid  line 

 \^  J:,  Underground  water  service  where  coils  are  permitted 

 ^d.  Hydronic  heating  where  coils  are  used 

 ^e.  Air-conditioning  suction  lirtp 

 f.  Severe  corrosion  conditions 

 ^g.  Refrigerant  evaporator  coils 


Match  the  color  coding  on  the  right  to  the  type  of  tubing  cartons  and 
tags. 

 ^a.  Type  M  1.  Blue 

 b.  Type  L  2.  Y^low 


c.  Type  K  3.  Green 

d.  Type  DWV  4.  Red 


List  the  applications  of  aluminum  tubing, 
a. 

1)  * 
2) 

b. 


1) 
2) 
3) 
4) 
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List  the  applications  of  steel  tubing. 

a.  N        -  » 

2) 
3) 

»>• 

Identify  tube  and  flexible  refrigerant  nose  fittings. 


a.  „ 

b 

» 

0 

e   

g  

h 

5 

k 
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m.. 


0 


W.- 


X.- 


CI 


aa.. 


lb. 


dd.. 


cc. 


30-D 


06.. 


hh.. 


 J- 


nn.- 


qq- 


tt.- 


ff.. 


99 


CO 


II.. 


mm.. 


pp.. 


oo- 


rr.- 


ss. 


  yy.^  


WW.- 


uu.__ 


^3 


yV- 


3£t 


aaa. 


XX. 


zz. 


\ 
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8.      Discuss  the  construction  and  use  of  flexible  refrigerant  hose  in  this  trade. 
V 
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TUBING 
UNIT  ! 


ANSWERS  TO  TEST 


1.  a.     8  f.  9 

b.  3  g.  7 

c.  5  h.  4 

d.  6  i.'  1 
^-  2 

2.  Discussion  should  includk 
a.  Copper 

1 )  Types 


a)  Nomina!  size 

b)  ACR 

2)  Temper 

a)  Annealed 

b)  Hard  drawn 

3)  Wall  thickness 

a)  K 

b)  L 
c>  M 

d)  DWV 

4)  Advantages 

a)  High  thermal  cnnductivity 

b)  Easy  to  solder  end  braze 

c)  Easy  to  bend  and  flare 

d)  High  resistance  to  corrosion 
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Aluminum 

1 )  Types 

a)  Coiled  seamless  tube 

b)  Thin  wall 

2)  Contamination  prevention 

a)  Internally  cleaned 

b)  Sealed  ends 

3)  Sizes -5/16"  to  3/4"  o.d. 

4)  Advantages 

a)  High  thermal  conductivity 

b)  Easy  to  bend 

c)  Easy  to  flare 

5)  Disadvantages 

a)  Porous 

b)  Easily  work  hardened 

c)  Creates  corrosive  action 

6)  Connections 

a)  Aluminum  flare  nuts 

b)  Spe  al  solder 

c)  Inert  gas  welding 

d)  Epoxy 

Sieel 

1^  Types 

a)  T^in  wall 

b)  Stainless 
2)  Connections 

a)  Flaring 
t))  Brazing 

32^ 
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3. 

a. 

X 

e. 

0 

b. 

0 

f. 

X 

c. 

X 

g- 

0 

d. 

X 

4. 

a. 

4 

D. 

1 

C 

3 

d. 

2 

5. 

a. 

Domestic  refrigerators 

1) 

Evaporators 

2)       Suction  'mes 

b.  Central  air-conditioner  condenser 

c.  Automotive  air  conditioner 

1 )  Condenser 

2)  Liquid  line 

3)  Re^.eiver 

4)  Evaporator 

6.  a.     Compression  refrigeration 

1 )  Condensers 

2)  Liquid  lines 

3)  Oil  coolers 

b.     Absorption  r^-^frigeration-AII  refrigerant  carrying  components  must  be  steel 

7.  a.     Flare  union  ^ 

b.  Compression  jnion  elbow 

c.  Long  flare  nur 

d.  45*^  sweat  elbow 

e.  Compression  nut 
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f.  Flare  sea!  cap 

g.  S,weat  coupling 

h.  Sweat  ta  flare 

i.  Return  bend 
j.  Flare  gasket 
k.  Sweat  tee 

I.  Female  union 

m.  Male  run  ^^e 

n.  Flare  cap 

o.  Hose  tee  splice 

p.  Flare  swivel 

q.  Suction  line  trap 

r.  Sweat  street  elbow 

s.  hose  male  flare 

t.  Compression  sleeve 

u.  Reducing  union 

V.  Sweat  to  flare  swivel 

w.  Compression  female  elbow 

X.  Flare  tee-Female  to  male 

y.  Flare  to  pipe  45''  elbow 

z.  Sweat  to  pipe 

aa.  Flare  ctoss 

bb.  Compression  to  pipe  union 

cc.  Female  flare  elbow 

dd.  Sweat  cao 

ee.  Flare  plug 

ff.  Flare  to  pipe  elbow 


gg.    Reducing  tee-^Small  to  large 
hh.  Hose  straight  splice 

/ 

ii.     Female  coupling 

jj.    Compression  female  connector 

kk.  Reducing  union  elbow 

II.     Flare  cap 

mm.  Flare  to  pipe  male  connector 

nn.  Sweat  elbow 

oo.  Flare  union  tee 

pp.  Sweat  coupling  reducer 

qq.   Reducing  tee-Large  to  small 

rr.  Reducer 

ss.    Female  elbow 

tt.    Short  flare  nut 

uu.  Compression  union  tee 

w.    Heavy  pattern  short  flare  nut 

WW.  Hose  female  flare  fitting 

XX.   Flare  to  pipe  branch  tee 

yy.  Female  connector 

zz.    Union  elbow 

aaa.  Compression  union 

bbb.  Quick  connect  fitting-^cutter  type 

ccc.  Quick  connect  fitting-spring  loaded  seal 

Discussion  should  include: 

a.  Construction 

1)  Outer  core  heat  resistant  ventilated  neoprene 

2)  Double  layer  rayon  cord 

3)  Soft  dense  refrigeration  grade  neoprene"  inner 


38-t> 

b.  Use 

1)  Primarily  automotive  air  conditioning 

2)  Central  air  conditioning  where  complicated  bends  might  be 
encountered 

3)  Units  that  have  a  tendency  to  vibrate  excessively 
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TUBING  OPERATIONS 
UNIT  II 

/ 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  flare,  bend,  and  swage  tubing. 
He  should  also  be  abfe  to  perform  the  tubing  operations  within  the  design  specifications. 
This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring  eighty-five  percent 
on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  tubing  operations  to  the  correct  definitions 
or  dP<scriptions. 

2.  Select  the  tools,  needed  to  construct  a  copper  refrigerant  line. 

3.  Identify  the  types  of  flaring  blocks.  * 

4.  Demonstrate  the  ability  to: 

a.  Make  a  single  flare  with  a  compression  type  flaring  block. 

b.  Make  a  single  flare  with  a  generating  type  flaring  block. 

c.  Make  a  double  flare. 

d.  Make  a  swage  joint. 

e.  Make  a  90**  bend, 

f.  Make  a  180'  bend. 

g.  Make  a  45'  offset  bend. 

h.  Construct  a  tuuing  project. 


D.  Job  sheets 

1.  Job  Sheet  #1-IViake.a  Single  Flare  With  a  Compression  Type 
'  Flaring  Block 

2.  Job  Sheet  #2"Make  a  Single  Flare  With  a  Generating  Type  Flaring 
Block 

3.  Job  Sheet  #3"Make  a  Double  Flare 

4.  Job  Sheet  #4-Make  a  Swage  Joint 

5.  Job  Sheet  #5--Make  a  90''  Bend 

6.  Job  Sheet  #6--Make  a  180''  Bend 

7.  Job  Sheet  #7--Make  a  45''  Offset  Bend 

8.  Job  Sheet  #8--Const''uct  a  Tubing  Project 

E.  Test 

F.  Answers  to  test 
References. 

A.  Althouse,  Andrew  D.;  Turnquist,  CaH  H.;  and  Bracciano,  Alfred  F.  Modern 
Refrigeration  and  Air  Conditioning.  Homewood,  Illinois:  Goodheart-Willcox 
Co.,  1968. 

B.  Campbell,  Cole  G.;  Whitman,  Elliot  R.;  and  Bell,  W.  J.  Good  Piping  Practice. 
Des  Plains,  Illinois:  Nickerson  and  Collins  Co.,  1972. 
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TUBING  OPERATIONS 
UNIT  II 

SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  infornnation  sheet. 

C.  Make  transparency. 

D.  Discuss  unit  and  specific  objectives. 
£.     Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Show  students  where  a  tubing  operation  has  been  performed  on  an  actual 
refrigeration  system. 

H.  Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Look  around  and  see  how  many  tubing  operations  you  can  identify  in  the 
shop  and  elsewhere. 

E.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  master:  TM  1 -Compression  Type  and  Generating  Type  Flaring 
Blocks 
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TUBING  OPERATIONS 
UNIT  II 


INFORMATION  SHEET 

I.  Terms  and  definitions  or  descriptions 

A.  Single  flare-Flare  consisting  of  a  single  thickness  of  metal 

B.  Double  flare- Flare  consisting  of  a  double  thickness  of  metal 

(NOTE:  Double  flares  should  be  used  when  flaring  steel  or  aluminum.) 

C.  Ream-Process  of  removing  the  burr  inside  a  piece  of  tubing  after  it  has 
been  cut 

D.  Offset-  Portion  of  the  refrigerant  line  that  is  set  apart  from  the  rest  of 
the  refrigerant  line 

E.  Radius-  Distance  from  the  center  of  an  arc  or  circle  to  the  outside 

F.  Wash-out-Thinning  of  the  metal  of  a  flare  by  overtightening  the  flaring 
tool 

(NOTE:  This  condition  wil!  gencraHy  result  in  the  flare  splitting.) 

II.  Tools  needed  to  construct  a  copper  refrigerant  line 

A.  Tubing  cutter 

B.  Reamer 

C.  Flaring  block 

D.  Flaring  tool 

II.    Types  of  flaring  blocks  (Transparency  1) 
A     Compression  type 

1.  Flare  is  made  down  against  the  chamfer  of  the  block 

2.  Overtightening  will  cause  the  flare  to: 

a.  Be  oversized 

b.  Split 

c.  Become  work  hardened 

3.  Score  marks  will  appear  at  the  base  of  the  flare 
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INFORMATION  SHEET 


.B.    Generating  type 

1.  Flare  is  made  above  the  block 

2.  Flare  should  not  split  due  to  wash-out 

3.  No  score  marks  on  tubing  / 


Compression  Type  and  Generatmg  Type 

Flaring  Blocks 


Compression  Type  F  laring  Block 


Generating  Type  Flaring  Blocl( 
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TUBING  OPERATIONS 
UNIT  II 

JOB  SHEET  #1--MAKE  A  SINGLE  FLARE 
WITH  A  COMPRESSION  TYPE  FLARING  ^iLOCK 


I.    Tools  and  materials 


;biiig  cutter 

B. 

Reamer 

C. 

Compression  type  flaring  block 

D. 

• 

Flaring  tool 

E. 

Tape  measuifc  or  rule 

F. 

Refrigeration  oil 

G. 

3/8"  copper  tubing  (soft  ro''ed) 

H. 

One  3/8"  flare  nut 

Procedure 

A. 

Unroll  a  piece  of  tubing 

B.  Measure  a  6"  piece  of  copper  tubing 

C.  Cut  tubing 


1.  Place  cutter  on  tubmg;  do  not  overtighten 

2.  Turn  a  few  revolutions  and  then  tighten  a  little  more 

3.  Contir>ue  to  tinhten  a  Httle  bit  at  a  time  while  turning  the  cutter 

(NOTE:  Cutter  should  not  be  so  tight  that  it  bends  the  end  of 
the  tubing.  See  Figure  1.) 
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JOB  SHEET  #1 


D.  Reseal  the  end  of  the  /oil  of  tubing 

E.  Ream  the  cut  piece  of  tubing  (Figure  2, 


FIGURE  2 


1.       Don't  overream;  just  rennove  the  burr 


2.       Point  end  of  tubing  sll^htlv  downward  while  reaming  to  let  chips 
fall  out 

F.     Place  tubing  in  flaring  block 

-(^    Extend  tubing  above  the  block  1/3  the  depth  of  the  block  chamfer  (Figure 
3) 


FIGURE  3 


Flaring  Block 


• 


H.  Place  flaring  tool  on  block 

I.  Put  a  drop  of  refrigeration  oil  on  the  threbJ--  and  a  drop  on  the  cone 

(Note:  Refngeration  oil  should  always  be  used  when  working  with 
refrigeration  system  components.) 

J.     Tighten  cone  into  tubing  a  fpw  turns  atid  then  back  it  out 

K.    Continue  the  tightening  and  then  loosening  process  until  the  flaro  is  made 

(NOTE.  This  process  will  tend  to  make  a  smooth,  polished  flare  and  will 
lessen  the  chances  of  work  hardening  the  tubing.) 
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JOB  SHEET  #1 

L.     Do  not  overtighten  the  flaring  toot 

(NOTE.  This  will  cause  the  tubing  to  wash-out  and  possibly  cause  the  flare 
to  spht.) 

M.    Remove  cubing  from  flaring  block 
IM.    Pldce  flare  nut  on  the  tubmg 

0.    Check  fit  of  flare      tfie  seat  of  the  flare  nut  (Figure  4) 

P,     Have  instructor  inspect 

Q.    Keep  tubmg  for  next  job  sheet 

FIGURE  4 


FIcire  Too  Lartje 


Ficire  is  Uih^v^ti  Tubing  was  Not  Reamed  Before  Flaring 


TUBING  OPERATIONS 
UNIT  II 


JOB  SHEET  #2-MAKE  A  SINGLE  FLARE 
WITH  A  GENERATING  TYPE  FLARING  BLOCK 
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I.    Tools  and  materials 

A.  Tubing  cutter 

B.  Reamer 

C.  Generating  type  flaring  block 

D.  Flaring  tool 

E.  Refrigeration  oil 

F.  3/8"  copper  tubing  used  on  Job  Sheet  #1 

G.  3/8"  flare  nut  used  on  Job  Sheet  #1 
li.  Procedure 

A.    Cut  off  previously  made  flare 

1.       Place  fldre  in  slot  cutter  rollers  (Figure  1) 


FIGURE  1 


2.       Tighten  cuttsr  wheel  against  the  tubing 

3  Turn  d   t^vv  revolutions  and  then  tighten  again 

4  Continue  this  procedure  until  old  flare  is  cut  off 
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JOB  SHEET  #2 


B.     Ream  cut  piece  of  tubing  (Figure  2) 


FIGURE  I 


1.  Don  t  overream;  just  remove  the  burr 

2.  Point  end  of  tubing  slightly  downward  while  reaming  to  letchipS 
fall  out 

Place  tubing  in  flaring  block 

(NOTE:  Use  the  portion  of  the  flaring  tool  below  the  slot  as  a  height  gauge. 

See  Figure  3.) 

FIGURE  3 


D  Place  flaring  tool  on  block 

E.  Put  2  drop  of  refngeration  oi!  on  the  threads  and  a  drop  on  the  cone 

F.  Tighten  the  cone  into  the  tubing  a  few  turns  and  then  back  it  out 

G.  Continue  this  process  until  the  flare  is  made 

(NOTE*  This  process  will  tend  to  make  a  smooth  polished  flare.) 

H.  Remove  tubing  from  block 

I.  Place  flare  nut  on  tubing 

J.  Check  fit  of  fiare  in  the  seat  of  the  flare  nut 

K-  Have  instructor  inspect 

L.  Keep  tubing  for  next  job  sheet 
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TUBING  OPERATIONS 
UNIT  II 


JOB  SHEET  #3-MAKE  A  DOUBLE  FLARE 

I.    Tools  and  materials 

A.  Tubing  cutter 

B.  Reamer 

C.  Double  flare  kit 

D.  Tape  measure 

•  E.    3/8"  o.d.  copper  tubing 

(NOTE:  Use  the  tubing  from  Job  Sheet  #2  if  possible.) 
II.  Procedure 

A.    Cut  a  straight  piece  of  3/8"  o.d.  tubing  4"  long 

1.  Place  cutter  on  tubing;  do -not  overtighten 

2.  Turn  a  few  rsvolutions  and  then  tighten  a  little  more 

3.  Continue  to  tighten  a  little  bit  at  a  time  while  turning  the  cutter 

(NOTE:  Cutter  should  not  be  so  tight  that  it  bends  the  end  of 
the  tubing.) 

8.    Ream  the  cut  piece  of  tubing 

1.  Don't  overream;  just  remove  the  burr 

2.  Point  end  of  tubi'^g  slightly  downward  while  reaming  to  let  chips 
fall  out 

C.    Place  tubing  in  flaring  block 
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JOB  SHEET  #3 


E. 
F. 

G. 

H. 

I. 

J. 

K. 

L. 


Use  the  double  flare  adapter  as  a  gauge  for  the  amount  of  tubing  to  extend 

above  the  block  (Figure  1) 


Insert  adapter  into  the  end  cf  the  tubing 
Tighten  flaring  cone  down  on  adapter  (Figure  1) 
Loosen  flaring  cone 
Remove  adapter 

Tighten  flarmg  cone  into  the  tubing  again  (Figure  1) 

Remove  tubing  from  flaring  block 

Hai/e  instructor  inspect 

Keep  tubing  for  next  job  sheet 


FIGURE  1 
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UNIT  II 


JOB  SHEET  f4--M  .KE  A  SWAGE  JOINT 


Tools  and  materials 

A.  Tubir  1  cutter 

B.  Reamer 

C.  Flaring  block 

D.  3/8"  swage  punch 

E.  Ball  peen  hammer 
Procedure 

A.    Place  tubing  in  block 

.  {NOTE:  Tubing  must  extend  above  the  block  the  distance  of  part  "A", 
See  Figure  1.) 


B.    Check  the  distance  by  placing  the  punch  adjacent  to  the  tubing  (Figure 


FIGURE  1 


Swage  Tubing 


Swage  Tool 


1) 


C.    Hold  block  and  tubing  in  hand 


Have  last  two  fingers  underneath  the  block 
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JOB  SHEET  #4 


D.  Lightly  tap  punch  to  start  it  into  the  tubing 

E.  Hammer  punch  on  Into  the  tubing 

(NOTE:  This  will  create  a  cup  on  the  end  of  the  tubing.) 

(CAUTION:  Never  hit  the  punch  sideways  because  this  will  cause  it  to 
break-off,) 

F.  Remove  punch,  twisting  may  be  necessary  in  order  to  remove  it 

G.  Check  to  see  if  3/8"  o.d.  tubing  will  fit  into  the  cup  with  a  close  fit 

H.  Have  instructor  inspect 

I.  Keep  tubing  for  use  tn  a  later  unit 
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TUBING  OPERATIONS 
UNIT  II 


JOB  SHEET  #5--MAKE  A  90°  BEND 


Tools  and  materials 

A.  Tubing  cutter 

B.  3/1'"  lever  type  tubing  bender 

C.  3/8''  o.d.  copper  tubing 
Procedure 

A.  Unroll  a  straight  piece  of  copper  tubing 

B.  Measure  in  17" 

C.  Cut  off  tubing 

D.  Place  bender  on  tubing 

E.  Measure  in  7"  on  tubing  and  make  a  mark 

F.  Aiign  "R"  mark  on  bender  with  mark  on  tubing  (Figure  1) 


G  Observe  in  figure  1  how  the  bender  fits  on  the  tubing 

H.  Pull  lever  until  "R"  mark  aligns  with  90°  mark  on  bender 

L  Remuve  bonder 

J  Have  instructor  inspect 

K.  Keep  tubing  for  next  jcb  sheet 
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TUBING  OPERATIONS 
UNIT  II 


JOB  SHEET  #6--MAKE  A  180'  BEND 


I.    Tools  and  materials 


A. 


Tubing  cutter^^ 


B. 


3/3"  lever  type  tubing  bender 


C. 


Steel  tape 


D.  3/8"  o.d.  copper  tubing 
II.  Procedure 

A.  Unroll  a  piece  of  3/8"  o.d.  copper  tubing  and  straighten  it 

B.  Measure  a  12"  piece  of  tubing  and  cut  off 

C.  Measure  in  4"  on  tubing  and  make  a  mark 

D.  Place  bender  on  tube 

E.  Align  "R"  mark  on  bender  with  mark  on  tubing 

F.  Pull  lever  until  "R"  mark  aligns  with  the  180''  mark  on  bender  (Figure 


G.  Mark  the  spot  on  the  tubing  that  aligns  with  180°  on  the  bender 

H.  Remove  bender 

Have  instructor  mspect 


1) 


Operating  Lever 


FIGURE  1 


Degrees  of  Bend 


Bending  Tool 


ACR  I  -  61-D 

TUBING  OPERATIONS  - 
UNIT  II 

JOB  SHEET  #7-MAKE  A  45'  OFFSET  BEND 

Tools  and  materials 

A.  Tubing  cutter 

B.  3/8"  lever  type  tubing  bender 

C.  3/8"  o.d.  copper  tubing 
Procedure 

A.  Unroll  enough  3/8"  o.d.  copper  tubing  to  obtain  a  straight  pi&ce  19  1/4" 
long  and  cut  off 

B.  Measure  in  6"  and  make  a  mark  on  tubing 

C.  Align  "R"  mark  of  bender  with  mark  on  tubing 

D.  Pull  lever  until  "R"  mark  aligns  with  45*"  mark  on  bender  (Figure  1) 


E.  Remove  bender  from  tubing 

F.  Measure  4  1/4"  from  first  mark  and  mark  the  tubing  again 


1"^  ] 
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JOB  SHEET  #7 


G.    Align  "R*'  mark  on  bender  with  mark  on  tubing 

(NOTE:  Bender  must  b€  on  opposite  side  of  the  tubing  from  the  previous 
bend.  See  Figure  2.) 


FIGURE  2 


H.  Pull  lever  until  '*R"  mark  aligns  with  45'  mark*  on  bender 

I.  Remove  bender  from  tubing 
J.  Have  instructor  inspect 

K.  Keep  tubing  for  next  job  sheet 


ERIC 
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^^EET  #1 


■  JOB^EET  #8--C0NSTRUCT  A  TUBING  PROJECT 

-*  / 

I 

L»  Tools  and  materials     -  * 

A.  Tubing  cutter 

B.  Reamer 

C.  Flaring  block  • 

D.  Flaring  tool 

E.  Swage  punch 

F.  3/8"  lever  type  tubing  bender 

G.  3/8"  o.d.  soft  coppec  tubing 

H.  1/4"  o.d.  soft,  copper  tubing 
L  Two  1/4"  flare  nuts 
J.  Cne  3/8"  sweat  ^tee 
K.  One  1/4"  sweat  tee 

'         II.  Procedure 

A.  Unroll  and  measure  a  piece  of  1/4"  o.d.  copper  tubing  6"  .jng 

B.  Cut  off  tubipg 

C.  R^m  tubing 

D.  Ffere  one  end 

E.  PJace  flare  nut  on  tubing 

/J 

F.  Measure  down  3"  from  flare  nut  and  mark  tubing 

G.  ^lace  bender  on  tubing  , 

H.  Make  a  90°  bend 
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JOB  SHEET  #8 


I.     Insert  1/4"  tubing  into  the  3/8"  tubing  project  from  Job  Sheet  #4  (Figure 
1) 


FIGURE  1 

Scale:  1/4"  =  1" 

fr-  — 


COPPER  TUBING  PROJECT 


3" 


■♦•Tubing  From  Job  Sheet  #4        1/4"  Copper  Tubing- 


■3/8"  Copper  Tubing 


Swage  Joint 


Tubing  Fro  .i  Job  Sheet  #7 


■3/8"  Copper  Tubing 


1/4"  Copper,  Tubing- 


I 

24" 


■18"- 


r 
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JOB  SHEET  ?f8 

J.  Insert  the  other  end  of  3/8"  into  a  3/8" 'sweat  tee 

K.  C'jt  a  straight  piece  of  3/8"  c.d.  tubing  8'  long 

L  insert  one  end  into  tee  (Figure  1) 

M,  Cut  a  straight  piece  of  1/4"  o.d.  tubing  36"  long 

N  Measure  im  9"  from  both  ends  and  make  90""  bend  (F.gure  1) 

0  Cut  a  piece  of  straight  3/8"  o.d.  tubing  5"  long 

P  Insert  one  end  of  the  3/8"  x  5"  tubing  into  a  sweat  tee 

Q  Cut  a  o;ece  of  straight  3/8"  o.d.  tubing  3  1/2"  long 

R  Insert  one  end  of  the  3/8"  x  3  1/2"  tubing  into  the  sweat  tee  (Figure 

1! 

S  Cut  a  straigh'  piece  cf  ''/A"  o.d.  tubing  6"  long 

T.  Rean-  ont  end 

U  S^\age  t+i    red  ned  end 

V  Cut  ^  straight  piece  of  1/4"  o.d.  tubing  14  1/4"  long 
\M  Rea••\^  one  end 

\.  Fidr-e  the  reamed  end 

Y  P'j'je  fiare  nut  on  tub'nq 

7  Mvjsu  G  down  3"  from  r'fare  nut  and  mark  tut)mg 

\A  Pleasure  down  4  V'2"  from  the  first  merk  and  m^ke  anothe*"  mark 

B3  ^^dke  90'  bends  (f  igure  1) 

CC  P'cH^  Tf'.e  45^  offset  made  on  Job  Sheet  ^7  berween  tfie  two  tees 

DD  Aj'it  ihle  the  tubuig  protpct 

f'fi  C'n^^cl-   tnt'  diinensiO'is 

H^ivt         'jctc-'  insf)t'(.t 
0.1  t.iC.'^t}  P'0;ect  'or  i  l.itt"  timt 


TUBING  OPERATIONS 
UNIT  II 


TEST 


Match  the  terms  on  the  ri^ht  to  the  correct  definitions  or  descriptions. 


a.  Thinning  of  the  metal  of  a  flare  by 
overtightening  the  flaring  tool 

^b.  Process  of  removing  the  burr  inside  a 
piece  of  tubing  after  it  has  been  cut  ^ 

c.  Flare  consisting  of  a  double  thickness  of 
metal 

d.  Distance  from  the  center  of  cn  arc  or 
circle  to  the  outside 

_e.  Flare  consisting  of  a  single  thickness  of 
metal 

_f.  Portion  of  the  refrigerant  line  that  is  set 
apart  from  the  rest  of  the  refrigerant  line 


Select  the  tools  needed  to  construct  a  copper  refrigerant  line  by  placing  an 
in  the  appropriate  blank. 


1. 
2. 
3. 
4. 
5. 
6. 


Offset 

Double  ftare 
Wash-out 
Radius 
Single  flare 
Ream 


a.  Swage  punch 

b.  Flaring  block 
_^c.  Hen -way 

__d.  Level  type  bender 

_^e.  Flaring  tool 

f.  Reamer 

g.  Tubing  crimper 

h.  Tubing  cutter 


35is 
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3.       IdenJfy  the  types  of  flaring  blocks. 


4.       Demonstrate  the  ability  to: 

a.  Make  a  single  flare  with  a  compression  type  flaring  block. 

b.  MoKC  a  single  flare  with  a  generating  type  flaring  block. 

c.  Make  a  double  flare. 

d.  Make  a  swage  joint. 

e.  Make  a  90°  bend. 

f.  Make  a  180°  bend. 

g.  Make  a  45°  offset  bend. 

h.  Construct  a  tubing  project. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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TUBING  OPERATIONS 
UNIT  II 

ANSWERS  TO  TEST 

1.  a.     3  d.  4 
b.    6  e-  5 

 ...               c.  2                       f.  1 

2.  b,  e,  f,  -I 

3.  a.  Compression  type 
o.  Generating  type 

4.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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PIPE 
UNIT  III 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  discuss  the  difference  between 
black  iron  pipe  and  galvanized  iron  pipe.  He  should  also  be  able  to  list  the  advantages 
and  disadvantages  of  plastic  pipe  and  identify  fittings  for  iron,  copper,  and  P.V.C.  pipe. 
This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring  eighty-five  percent 
on  the  unit  test. 


SPECIFIC  OBJECTIVES 

After  comrietio!^  of  this  unit,  the  student  should  be  able  to: 

1.  Match  tf  ms  associated  v^/ith  Dipe  to  the  correct  definitions  or  descriptions. 

2.  List  the  types  of  pipe  used  in  air  conditioning  and  refrigeration. 

3.  List  applications  for     oes  ot  pipe  to  bxi  used  m  the  air-conditioning  and 
refrigeration  trade. 

4.  Identify  iron,  brass,  flexible  plastic,  and  P.V.C.  pipe  fittings. 

5.  Discuss  the  difference  between  black  iron  pipe  and  galvanized  iron  pipe. 

6.  List  foui  advantages  and  two  disadvantages  of  plastic  pipe. 

7.  Discuss  the  three  common  methods  of  measuring  pipe. 

8.  Select  the  tools  necessary  to  cut  and  thread  iron  pipe. 

9.  List  fourteen  steps  in  cutting  and  threading  iron  pipe. 

10.  Select  t'le  tools  necessary  to  make  proper  P.V.C.  joints. 

11.  List  nine  steps  necessary  for  installing  P.V.C.  pipe. 

12.  Demonstrate  the  ability  to. 
a.     Read  fitting  sizes. 

b     Determine  iron  {>.pe  lengths  and  fittings  necessary  to  connect  a  gas 
furnace. 

c.     Determine  lengths  of  P  V.C.  and  "^-nings  necessary  to  construct  a 
condensate  line. 
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PIPE 
UNIT  Ml 


SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  student  with  objective  she^^ 

B.  Provide  student  with  information  and  assignment  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E-     Discuss  information  and  assignment  sheets. 

F.  Demonstrau  cutting  and  threading  pipe. 

G.  Demonstrate  cutting  and  glueing  P.V.C. 

H.  Demonstrate  making  a  flexible  plastic  pipe  connection. 

I.  Have  students  lock  up  parts  in  a  catalog. 
J.     Give  test. 

II.  Student: 

A.  Read  objective  sheet 

B.  Study  information  sheet. 

C.  Complcce  assignment  sheets. 

D.  Look  up  parts  in  a  catalog  to  become  famiii'-ir  with  how  to  order  parts 

E.  Take  test. 

INSTRUCTIONAL  MATERIALS 

t     Included  in  this  unit: 
A.    Objective  sheet 
R.     Information  sheet 
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C.  Transparency  masters 

1.  TM  1 -Iron  Pipe  Fittings 

2.  TM  2-Brass  Fittings 

3.  TM  3--r  exible  Plastic  Pipe  Fittings 

4.  TM  4-P.V.C.  Fittings 

5.  TM  5-T.ols  for  Cutting  and  Threading  Iron  Pipe 

6.  TM  6--Tools  for  Making  P.V.C.  Joints 

7.  TM  7-Drying  Time  of  P.V.C.  Cement 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1-Read  Fitting  Sizes 

2.  Assignment  Sheet  #2"Determine  Iron  Pipe  Lengths  and  Fittings 
Necessary  to  Connect  a  Gas  Furnace 

3.  Assignment  Sheet  #3--Determine  Lengths  of  P.V.C.  and  Fittings 
Necessary  to  Construct  a  Condensate  Line 

E.  Answers  to  assignment  sheets 

F.  Test 

G     Answers  to  UA 

Referencf^ -Slater,  Harry.  Related  Information  Plumbing.  Volume  1  and  2. 
Albany,  New  York    Delmar  Publishers,  1958. 
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PIPE 
UNIT  ill 

l^!F0R^7lATI0l^J  SHEET 

Terms  and  definitions  or  descriptions 

A.  Galvanize -To  coat  metal  with  zinc  in  orde»'  to  prevent  rusting 
{NOTE:  Galvanized  pipe  is  not  to  be  used  as  a  natural  gas  line.) 

B.  P.V.C.-  Rigid  plastic  pipe 

(NOTE  This  pipe  is  generally  white  in  color  and  P.V.C.  is  the  abbreviation 
for  polyvinyl  chloride.) 

C     Nipple  -Short  piece  of  pipe  tw'^lve  inche.  or  less  in  length 

D.  Gas  cock  -Manually  operated  m-lme  gas  valve 

E.  Flexible  plastic  pipe-Plastic  pipe  which  comes  in  a  roN  and  uses  slip-in 
fittings  with  clamps 

(NOTE,  This  pipe  is  black  in  color.) 

F      Long  pipe -  Refers  to  v^/rought  iron  or  steel  oipe 

G     Dope-  Thick  lead  base  substance  which  is  applied  to  pipe  threads  to  help 
seal  the  joint 

H     F. P. T.  -Female  pipe  taper 

I.     M  PT.-Ma!e  pipe  taper 

J      C^st  fittings-  Hoavv  steel  pipe  fittings  that  are  formed  in  a  mold 

(NOTE   Thpse  fittings  are  generally  referred  to  as  malleable  iron  fittings.) 
Pipe  used  in  air  conditioning  and  refrigeration 
A  Iron 

1  Black 
2,  Galvapizeo 
B      Flexible  o'astic 
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INFORMATION  SHEET 

C.  P.VC 

D.  Copper 

(NOTE'  Copper  pipe  is  usually  referred  to  as  tubing.) 
Hi     Piop  applications  in  the  air  conditioning  and  refrigeration  trade 
A     Black  iron  pipe 

1.  Natural  gab  lines  to  furnaces 

2.  Ijo-Jified  petroleum  gas  line^  to  furnaces 
3        Ammonia  lines 

B.     Galvanized  iron  pipe 

1  Ice  maker  water  lines 

2  Chilled  water  lines 

3  Water  cooied  condenser  supply  and  return  lines 
4.       Condensate  lines 

C     Plastic  pipe 

(NOTE    Tffis  ifKiudes  both  P  V.C   and  flexible  plastic  pipe) 

1  Water  supply  lines 

2  Underground  gas  lines 

3  Condensate  lines 

4  Chilled  water  supply  and  return  lines 

(tVOTr    Lo(^a'  codes  shouM  '-^^  checked  befo'-e  us.ng  plastic  pipe) 
IV     P  pe  httinjs  ( Transf^arency  1) 
A      lr jri  tittn^g^^ 

(NOTE  fittings  ar*^  used  on  black  iron  and  galvani/ed  iron  p:pi; 

I         90  eil 
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iNPORMATIOfN:  SHEET 


?0'  st'^e^'t  ^3'' 
Union 

'\OTE'  When  connecting  galvanized  pipe  to  any  other  type  of 
u.;.^    a  soecoi  union  must  be  used  to  prpv^^nt  a  corrosive  action 
'h:s     'ion  iS  calleo  an  -nsulated  union  ' 

^'^^nqe 

(jdb  COCI' 

,  -v.:,  '"^r^nsocirefi^  2: 
->c.-"i  tiit'-"js  ef'-i  used  on  cooper  pipp.) 


.  «  ;,,r         Co  inr-^  tor 
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-D  . 

\ 

\ 

\  INFORMATION  SHEET 


\ 

\ 

t 


\ 

\ 


10  Two-way  shut-off  valve 

11  Three-way  shut  off  valve 
\                    1?  Saddle  valve 

C.  Flexibio  piastic  fitt-ngs  (Transparency  3) 
(NOTE-  Flexible  plastic  pipe  fittings  are    sed  on  flexible  plastic  pipe.) 

Insert  tee 

2.  Insert  90^  e!i 

3.  Inst^rt  male  adapter 

4  Insert  male  steel  adapter 

5  insert  coupling 
6,  Ciamp 

D,  P  V  C'.  fittings  (Transparency  4) 
(NOTE-  P  V.C.  fittings  ate  used  on  P.V.C.  pipe.) 

\ 


1 

90  ell 

2. 

45^  pi! 

Tee 

4 

iv1ol'»  acMoter 

5 

Ferna; .  adapter 

6 

CoupUfg 

7, 

Bush'ng 

8 

Zm) 

9 

90  ell  (P  V  C 
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INFORMATION  SHEET 

V.    Black  iron  pipe  and  galvanized  iron  pipe  ^ 
A.    Black  iron  pipe 

1.       Painted  black  / 


/ 


( 


(NOTE.  The  black  paint  aids  in  the  prevention  of  rust  and  helps 
to  distinguish  it  from  galvanized  pipe.)  / 

/ 

2        Uses  •  / 

/ 

a      Gas  lines 
b      Connpressed  air  lines 
c-     Chilled  liquid  Mnes 
d      Hydronic  heat 
e.     Steam  lines 
B     Galvanized  «ron  pipe 

1.       Coitrj  to  resist  rusting 
2  Uses 

a      Water  pipe 
b      Con^^nsate  drains 
VI     Advantages  and  disadvantages  cf  ptastic  pipe 
A  Advantage^ 

1,  Light-weight 

2  Resists  corrosior  iod  electrolysis 

3  Good  for  long  runs  undergtijund 
^        IVay  be  bent 

B  Disadvantages 

1,  Will  rot  withstand  temperatures  over  150°F, 

2.  ':\dhW  at  oressures  over  100  lbs  p.s.i 
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INFORMATION  SHEET- 


\ 

VIL    Methods       i,.efisur-iuj  pipe 

A.     End  to  en(i 

1        St/aight  length  of  p<pe 

2.       Measure  pipe  witliout  fittings  (Figure  1) 
FIGURE  1 


2'  — 1  1/2"  E-E 


B.     End  to  center  ^ 

1.       Straight  length  of  pipe 

2        Tighten  a    ^^ing  on  one  end 

3.       Merjsure  from  end  lO  center  of  fitting  (Figure  2) 


FIGURE  2 


End-^lll 


Center 


■3'"  6  MT  E  C 


C      C^Ttter  to  center 

1         Straight  length  of  pipe  -^v 
?        Tightened  fitting  on  each  end 

3        Measure  from  center  vif  one  titting  to  the  center  of  the  other 

(Figure  3) 


FIGURF  3 


r- 


Center 


 R— - 

—4k 


1 1 


b=.— 


•1'    4  1  'X'  L  (> 


Center 


2'-1/2"  r-c- 
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'  ,  o'  r*^"0  to  "-en  ovc  burrs 

.^v^         '-I'L    1        Oie^  rto'.-.  trope'!', 
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I^f  0RMA71ON  SHEET 


1ABLL  1 


.NPi-ClFlCATIO^iS  rOR  THREADING  PIPE 


MOTi'Uil    Sil''  of 


3  4 


A!)prc\    L«nqth  o^' 
'•M'jdds  'H  inches 

3  4 

3 '4 

7/8 


1  1-2 


a  1  2.3 

(ill'  hv  turning  c  >>u 'U^rc^oc' 

C''\'if     '"f^ii^^     ^tnru  (j-es 


Approx  Number  of 
Threads  To  Be  Cut 

10 

10 

10 

11 

11 

11 


12 
13 
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INFORMATION  SHEET 

XI     Steps  for  installing  P.V.C.  pipe 

A.  Cut  pipe  square 

B.  Remove  burrs  inside  and  out 

C.  Clean  pipe  with  clean  towel 

D.  Check  fit  of  pipe  into  fitting 

E.  Clean  pipe  with  P.V.C,  cleaner 

F.  Apply  a  coat  of  cement  with  brush 

G.  Put  fitting  on  pipe  immediately  after  applying  cement 

(NOTE:  Fitting  must  be  turned  in  the  proper  direction  when  it  is  placed 
on  the  Dipe  because  it  can  not  be  moved  once  it  comes  into  contact  with 
the  cement.) 

H     hold  pressure  against  fitting  momentarily 

I       Don't  distufb  pipe  until  dry  (Transparency  7/ 

(NOTE:  Drying  time  is  dependent  on  the  ambient  temperature.) 


Iron  Pipe  Fittings 


Union  Range 
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Brass  Fittings 


90  Ell 


Plug 


m 


Female  Pipe  To 
Male  FIfjre 


Street  Ell 

w 

Bushing 


Tee 


Two-Way 
Shut-Off  Valve 


Male  Pipe  To 
Male  Flare 


.  Flexible  Gas  Connector 


Nipple 


Three-Way 
Shut-Off  Valve 


Saddle  Valve 


Flexible  Plastic  Pipe  Fittings 


Insert  Tee  Insert  90"  Ell        Insert  Male  Mn 


Insert  Male  Insert  Coupling  Clamp 

Steel  Adapter 


P.V.C.  Fittings 


90  ELL 


45°  EL 


Tee 


Male  Adapter 


 Mm 


Female  Adapter 


'11 


Coupling 


ilJiM|liVi 
iiliiiiiiiiVt) 


Bushing 


Cap 


90"  EL 
P.V.C.  to  Pipe 


Tools  For  Making  P.V.C.  Joints 

\ 
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Drying  Time  of  P.V.C.  Cement 


90 

30  Minutest 

70 
60 

1  Hour<  50 

40 

2  Hours <i  30 

20 

4  Hours  <  10 

0 

Degrees 
Fahrenheit 
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PIPE 
UNIT  I 


ASSIGNMENT  SHEET  #1--READ  FITTING  SIZES 

Ells,  street  ells,  and  tees  are  available  in  reducing  sizes.  When  ordering  a  reducing  fitting, 
'give  the  larger  size  first. 

Example:       To  connect  two  pieces >of  1/2"  pipe  to  a  3/4"  line  it  would  take  a  3/4" 
X  1/2"  X  1/2"  tee  . 

Give  the  fitting  type  and  size  in  proper  order  for  the  following. 

1.       A  3/4"  line  must  make  a  90°  turn  and  then  -connect  into  a. ,1/2"  line. 


3/4" 


1/2" 

A  1/2"  gas  line  needs  to  be  connected  to  a  3/4"  gas  line  and  3/4"  line  will 
go  on  straight.  The  1/2"  line  will  be  perpendicular  to  the  3/4"  Mne, 


\ 

3/4" 

3/4" 

1/2" 

3.      A  1"  water  line  needs  to  make  a  90*  turn> and, connect  into  a  3/4"  female 
fitting. 


T" 
1" 


3/4"-* 

6 

A  1/2"  supply  air  line  needs  to  branch  off  to  two  3/8"  air  lines. 


1/2" 


3/8"- 


/ 


/  3/8" 


5.       A  3/4"  water  line"  must  make  a  sharp  180*  turn  and  connect  onto  a  3/8"  line. 

3/4" -H  3/8"^  *^ 


ERJC 
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UNIT  III 

ASSIGNMENT  SHEET  #2"DETERMINE  IRON  PIPE  LENGTHS  AND  FITTINGS 
NECESSARY  TO  CONNECT  A  GAS  FUI^ACE 

Make  a  list  of  the  pipe  length  and  the  fittings  necessery  to' connect  the  gas  furnace  beiov? 
to'  the  supply  gas  line.  Place  a  gas  cock  in  the  line  prior  to  where  the  line  enters  the 
—   fyrnace  cabinet.  Gas  valve  has  1/2"  female  pipe  inlet. 


ERIC 
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ASSIGNMENT  SHEET  #2 


Pipe  length 
a  - 
b 

c 
d 
e 
f 

g 

^  Fitting 
aa 
bb 
cc 

ee 
ff 

gg 


Size 
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PIPE 
UNIT  III 

ASSIGNMENT  SHEET  #3-DETERMINE  LENGTHS  OF  P.V.C.  AND  FITTINGS 
NECESSARY  TO  CONSTRUCT  A  CONDENSATE  LINE 

Make  a  list  of  the  lengths  of  P.V.C.  and  fittings  necessary  to  construct  the  condensate 
irna  on  the  system  below.  Condensate  drain  on  coil  is  3/4"  male  pipe  and  comess  straight 
out  of  coil  box.  Front  of  coil  box  sets  back  six  inches  which  allows  room  for  making 
connections. 


Front  View        Inset  3" 


Floor  Drain 
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ASSIGNMENT  SHEET  #3  . 

P.V.C.  lengths 

b  .  -  ^ 

c 

d 

Fittings 

Fitting  (aa)  connects  to  coil  condensate  drain. 

Fitting  (bb)  enables  the  drain  line  to  turn  in  a  direction  parallel  to  the  top  of  the  furnace, 
aa 

 _  » 

cc 
dd 
ee 
ff 


f 


if 
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PIPE 
UNIT  III 


ANSWERS  TO  ASSIGNMENT  SHEETS 

Assignment  Sheet  #1 

1.  Black  iron  pipe,  3/4".  x  1/2"  ell 

2.  Black  iron  pipe,  3/4"  x  3/4"  x  1/2"  tee. 

3.  -Galvanized  iron  pipe,  1"  x  3/4"  street  ell 

4.  Black  jron  pipe,  1/2"  x  3/8"  x  3/8"  tee 

5.  Galvanized  iron  pipe,  3/4"  x  1/2"  street  ell,'l/2"  x  3/8" 
Assignment  Sheet  #2 

a.  13'  aa.   3/4"  x  1/2"  reducer 

b.  10'  6"   .    °  bb.  1/2"  ell 

c.  6"  '     '    CO.   1/2"  ell 

d.  6"  dd.  1/2"  ell 

e.  6"  se-    1/2"  gas  cock 

f.  6"  ff-    1/2"  tee 

g.  .  9"  gg.    1/2"  cap 
Assignment  Sheet  #3 

V     n'  6"  aa.    3/4"  F.P.T.  to  1/2" 

b.  6"  bb.  1/2"  ell 

c.  3'  6"  cc.    1/2"  tee  • 

d.  1'  3"  dd.  1/2"  ell 

ee.   1/2"  ell 
ff.    1/2"  45'  ell 
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PIPE 

UNIT  I 


TEST 


Match  the  terms  on  the  right  to  the  correct  definitions  or  dekriptions. 

Long  pipe 
Gas'cocfk 
Nipple 
Dope 

p.v.e. 

Galvanrze 


Ja.  Rigid  plastic  -pipe 
b.  Manually  operated  in-line  gas  valve 

r 

_^c.  To  coat  metal*  with  zinc  in  order  to 
prevent  rusting 

_d.  Short  piece  of  pipe  twelve  inches  or  less 
in  length  ' 


_e.  Plastic  pipe  which  comesjn  a  roll  and 
uses  slip-in  fittings  with  clamps 

_f.  Heavy  steel  pipe  fittings  that  are  formed 
in  a  mold 

g.  Thick  lead  base  substance  which  is 
applied  to  pipe  threads  to  help  seal  the 
joint 

_h.  Female  pipe  taper 
i.   Refers  to  wrought  iron  or  steel  pipe 


1. 
2. 
3. 
4. 
5. 
6. 
.7. 


8. 
9. 
10. 


j.   Male  pipe  taper 


Flexible 
plastic  pipe 

m.p.t;  ' 

F.P.T. 

Cast  fittings 


List  the  typ^  of  pipe  used  in-  air  conditioning  and  re.rigeratiori. 
a.  •  • 

1) 

2) 

b. 
c. 
d. 
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List  two  applications  for  each  type  of  pipe  to  be  used  in  the  3ir-condftioning 
and  refrigeration  ^trade. 

IT.  "^Bladr  iron  pipe 
^     2).        . .  ; 

b.     Galvanized  iron  pipfe 


1) 

2) 


.c.     Plastic  pipe  >  ^  . 

Identify  the  iron,  brass,  flexible  plastic,  and  P.V.C.  pipe  fittings. 


a. 


d. 


f. 
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6.       List  four  advantages  and  twQ  disadvantages  of  plastic  pipe. 

♦ 

Advantages  — 
1) 

2)  ,  . 

3)  ■ 
4) 
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b.  Disadvantages 
1) 
2) 

7.       Discuss  the  three  common  methods  of  -  measuring  pipe. 


8.  Select  the  tools  necessary  to  cut  and  thread  iron  pipe  by  placing  an  "X"  rn 
the  appropriate  blank. 

 ^a.  Pipe  vise 

 _b.  Oil  can 

 ^c.  Pipe  wrench 

 d.  Reamer 

 ^e.  Cutter 

 f.  Die  stock 

 g.  Flaring  too! 

 h.  Dies 

9.  List  fourteen  steps  in  cutting  and  threading  iron  pipe, 
a. 

b.  * 

c. 

d. 
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e. 
f. 

9- 

i. 

i. 
k. 

I.  *  . 

m. 
n. 

10.       Select  the.  tools  necessary  to  make  proper  P.V.C,  joints  by  placing  an  "X"  in 
the  appropriate  blank. 

^  a.  Pipe  vise 

 b.  Knife 

c.  Miter  saw 


d.  P.V.C.  cement 


e.  Hammer 

_f.  Natural  bristle  or  nylon  brush 

_g.  Pipe  wrench 

_h.  Miter  box 

i.  Clean  towels 


11.       List  nine  steps  necessary  for  installing  P.V.C.  pipe, 
a. 
b. 
c. 
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h. 
i. 

12.       Demonstrate  the  ability  to: 

a.  Read  fitting  sizes. 

b.  Determine  iron  pipe  lengths  and  fittings  necessary  to  connect  a  gas  furnace. 

c.  Determine  lengths  of  P.V.C.  and  fittings  necessary  to  construct  a  condensate 

line. 

(NOTE:  If  these  activities  have  not  been  accomplished  .  J  thb  test,  ask 
your  instructor  when  they  snould  be  completed.) 
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PIPE 
UNIT  I 


ANSWERS  TO  TEST 

4 

1.  a.     5  .  f.  10 

b.  2  g.     4  ^ 

c.  6  h.  9 

d.  3  i.  1 

e.  7  j.  8 

2.  a.  Iron 

1)  Black 

2)  Galvanized  1 

b.  Flexible  plastic 

c.  P.V.C. 

d.  Copper 

3.  Any  two  of  the  following  under  each  type  of  pipe: 

a.  Black  iron  pipe 

1)  Natural  gas  lines  to  furnaces 

2)  Liquified  petroleum  gas  lines  to  furnaces 

3)  Amnnonia  lines 

b.  Galvanized  iron  pipe 

1/       Ice  nnaker  water  lines 
^  2)       Chilled  water  lines 

3)       Water  cooled  condenser  supply  and  return  lines 
'  4)       Condensate  lines 

c.  Plastic  pipe 

1)       Water  supply  lines  , 
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Z)       Underground  gas  lines 

3)        CondPiT^ate  lines 

4}       Chillpd  water  supply  and  return  lines 

c\  Pkig 

b      GdS  cock 

c.     90-^  eli 

d  Cap 

e  Flange 

f      Insert  tee 

g  R^ducor 

h      insert  m3ie  adapter 

I  Tjipple 

Coupling 
k  Bush.ng 

1       Male  pipe  To  male  flare 
!^      Street  ell 
n       ".sert  90^  ell 
f>      'hsj  -'t  cQupiing 

:jaddie  v^ilve 
q      riexiuie  gas  connector 
r  Tee 

s      Female  pipe  to  mdle  flare 

r.      i  wo  way  shut  off  valve 
r 

u.     M.ile  adapter 
V.     90  street  elN 
w  Un'on 
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X.     45'  3ll 

y.    Jhree-way  shut-off  valve 
z.     Insert  male  stpel  adapter 
aa.    Female  adapter 
bb.  Clamp 

5.  Discussion  should  include: 

a.  Black  iron  pipe 

1)  Painted  black 

2)  Uses 

a)  Gas  lines 

b)  Compressed  air  lines 

c)  Chilled  liquid  lines 

d)  '  Hydronic  heat 

e)  Steam  lines 

b.  Galvanized  iron  pipe 

1)  Coated  to  resist  rusting 

2)  Uses 

a)  '  Water  pipe 

b)  Condensate  drains 

6.  a.  Advantages 

1 )  Lightweight 

2)  Resists  corrosion  and  electrolysis 

3)  Good  for  long  runs  underground 

4)  May  be  bent 
b.  Disadvantages 

1)  Will  not  withstand  temperatures  over  150''F 

2)  Not  stable  at  pressures  over  100  lbs.  p.s.i. 
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7.  Discussion  should  include 

a.  End  to  end 

1)  Straight  length  of  pipe 

2)  Measure  pipe  without  fittings 

b.  End  to  center 

1)  Straight  length  of  pipe 

2)  Tighten  a  fitting  on  one  end 

3)  Measure  from  end  to  center  of  fitting 

c.  Center  to  renter 

1)       Straight  length  of  pipe 

2}       Tightened  ftUing  on  each  end 

3)       Measure  from  center  of  one  fitting  to  the  center  of  the  other 

8.  a,  b,  d,  e,  f,  h 

9.  .a.     Secure  pipe  in  vise 

b.  Cut  the  pipe 

c.  Ream  mside  of  pipe  to  remove  burrs  • 

d.  Lightly  file  outside  cut  edge- 

e.  Inspect  and  clean  dies  before  threading 

f.  Check  cutting  edges  for  sharpness 

g.  Be  sure  dies  are  m  the  die  stock  properly 

h.  Center  die  on  pipe 

i. .     Turn  die  slowly  in  a  clockwise  direction 
j.      Apply  cutting  oil  while  threading 

k/    Determine  length  of  the  threaded  portion 
I.      Remove  die  by  turning  counterclockwise 
m.    Clean  chips  from  threads 
n.     Clean  chips  from  dies 
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• 


10.  b,  c,  d,  f,  h,  i 

11.  a.     Cut  pipe  square 

b.  Remove  burrs  inside  and  out 

c.  Clean  pipe  with  clean  towel 

d.  Check  fit  of  pipe  into  fitting 
Clean  pipe  with  P.V.C.  cleaner 

f.  Apply  a  coat  of  cennent  with  brush 

g.  Put  fitting  on  pipe  immediately  after  applying  cement 

h.  Hold  pressure  against  fitting  momentarily 
V         i.      Don*t  disturb  pipe  until  dry 

12.  Evaluated  to  the  satisfaction  of  the  instructor 
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SOLDERING  AND  WELDING  EQUIPMENT 
UNIT  I 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  t)e  able  to  use  and  care  for  the 
air-acetylen^orch,  oxyacetylene  torch,  and  the  electric  welder.  He  should  also  be  able 
to  iderjtify  the  components  of  the  air-propane  torch  and  select  safety  rules  pertaining 
to  soldering  and  welding.  This  knowledge  wili  be  evidenced  through  demonstration  and 
by  scoring  eighty-five  percent  on  the  unit  te?t. 

*    ■  *  , 

SPECIFIC  OBJECTIVES 

1 


ffudei 


After  completion  of  this  unit,  the  Sudent  should  be  able  to: 

1.  Match  te/ms  associated  with  soldering  and  welding  equipment  tolHe  correct 
definitions. 

f  ,  ' 

2.  Select  safety  rules  for  using  soldering  and  welding  equipment. 

3.  .     Identify  the  components  of  the  air-acetylene  torch  outfit. 

4.  ^   Identify  the  components  of  the  air-propane  torch  outfit. 

5.  Discuss  lighti'ig,  adjusting,  and  extinguishing  the  air-acetylene  torch.* 

6.  List  four  steps  fo^  proper  care  of  the  air-acetylene  torch. 

7.  Identify  the  components  of  the  oxyacetylene  torch  outfit.  ^ 

.    8.       Arrange  in  order  the  steps  for  setting  up  the  oxyacetylene  torch.- 

9.       Arrange  in  order  the  steps  for  lighting,  adjusting,  and  extinguishing  the 
oxyacetylene  torth. 

10.  List  five  steps  for  proper  (Sftre  of  oxyacetylene  welding  equipment. 

11.  Identify  electric  wielding  equipment. 

^12.       List  three  uses  of  the  electric  welder  in  the  air-conditioning  and  i;efrigeration 
•trade. 

13.  List  steps  used  for  proper  care  of  the  electric  welder. 

14.  Demonstrate  the  ability  to: 

a.  Light  and  adjust  the  air-acetylene  torch. 

b.  Ught  and  adjust  the  halide  torch  leak  detector. 

c.  Light  and  adjust  the  oxyacety'ene  torch. 
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UNIT  I 

^SUGGESTED  ACTIVITIES 

Instructor: 

A.    Provide  student  with  objective  sheet. 


B.  Provide  student  \  .th  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  ^    Demonstrate  the  proper  use  of  soldering  and  welding  equipment. 

H.  Invite  an  outside  resource  person  to  talk  to  class  about  welding  equipment. 

I.  Demonstrate  the  explosiveness  of  welding  gas. 
J.     Give  test. 

Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet.  ' 

C.  Complete  job  sheets. 

D.  Take  test. 

^INSTRUCTIONAL  MATERIALS 
included  in  this  unit:  '  '  I 


A.    Objective  sheet  . 


B.    Information  sheet 
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C.    Transparency  masters 

1.  TM  1  -Air-Acetylene  Torch  Outfit 

2.  TM  2--Air-Acetylene  Torch  Outfit  (Continued) 

3.  TM  3-Air-Propane  Torch  Outfit 

4  JM  4.-Air-Propane  Torrh  Outfit  (Continued) 

5.  TM  5-Oxyacetylene  Torch  Outfit 

6.  TM  3-Oxyacetyiene  Torch  Outfit  (Continued) 

7.  TM  7-Electric  Welding  Equipment 

8.  TM  8-El6ctric  Weldinn  Equipment  (Continued) 

D.    Job  sheets 

1.  Job  Sheet  #1 -  Light  and  Adjust  the  Air-Acetylene  Torch 

2.  Job  Sheet  #2- Jght  and  Adjust  the  Halide  Torch  Leak  Detector 

3.  Job  Sheet  #3-Light  and  Adjust  the  Oxyacetylene  Torch 

E     Test  ^ 
F.     Answers  to  test 


References: 


A.  The  Oxy  Acetylenr  Handbook  New  York,  New  York:  Lir.de  Division/Union 
Carbide  Corp.,  1968. 

B.  Sosnm,  H.  A.  Arc  Welding  Instructions  for  the  Beginner.  Cleveland,  Ohio: 
The  James  F   Lincoln  Arc  Welding  Foundation,  1973. 

C.  Welding  Curriculum.  Stillwater,  Oklahoma:  State  Department  of  Vocational 
and  Technical  Education,  1974. 
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SOLDERING  AND  WELDING  EQUIPMENT 
UNIT  I 


INFORMATION  SHEET 


1,    Terms  and  definitions 

A     Regulator-Device  for  reduciag  high  cylinder  pressure  to  a  low  working 
pressure 

B.  FlashbacK -Fire  inside  the  torch 

C.  Flashback  valve-une  way  valve  which  prevents  a  flashback  from  going  up 
the  hoses  and  to  the  regulators 

D.  Air-acetylene  tOfch-  Torch  which  uses  an  acetylene  cylinder  only  and  gets 
the  oxygen  to  support  the  flame  from  the  surrounding  air 

E     Arc  -Flow  of  electee  current  from  the  tip  of  the  electrode  holder  to  the 
metal  being  weldec 

F.  Electrodes-  Metal  rods  which  conduct  a  current  from  the  electrode  holder 
ro  the  meta!  being  wekled 

G.  Inner  cone-Inner  white  part  of  a  neufal  flame 

H     Neutral  fiame-  Burning  of  equal  parts  of  oxygen  and  acetylene  (Figure  1) 

Fiqi.re  1 


No  Acetytene  _y  ^  inner  Cone 

Feather 


i      Soldenng-Joining  two  metals  by  adhesion  of  a  tow  melting  temperature 
metal 

(NOTE    Low  moltng  temperature  is  usually  considered  800°F  or  less.) 

J      Silver  brazmq  Jominq  two  motals  by  adhesion  of  a  high  temperature 
soldermq  aHov  which  contains  some  percentage  of  silver 

^NOTE    Temperature  in  silver  bra^^mg  is  usually  around  900"^  to  1400''F.) 
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II.    Safety  rules        usinr;  soldering  af^d  welding  equipment 
A     G'ls  welding  and  soldering 

1         A'way^  wear  suitable  protective  clothing 
2.       Aiwayi  I  eep  a  safe,  dean  work  area 

3  Mike  sure  there  are  no  flammable  materials  near 

4  Dg  not  weld  m  tht^  vicmity  of  explosive  materials  or  near  carbon 
tetrachlOMoe  ^ 

•  5        Alwav^  make  sure  you  have  enough  ventilation  to  give  three  or 
four  compiete  cliar^.nes  of  air  per  hour 

6.       .Jv-e  air  exhaust  at  the  weld  whenever  welding  lead,  cadmium, 
chiomiurn   manganese,  brass,  bronze,  ^mc,  or  galvanized  metals 

(NO IT  Some  silver  soldering  alioys  contain  cadmium.  Cadmium 
Uc^^  alloys  should  be  purchased  whenever  possible.), 

7  Never  weld  or  cut  in  a  confined  area  without  protection 

3  Handle  nil  ptcsSure  cyhnders  with  care 

9  Keen  3l'  welding  cquipnnent  in  good  condition 

10  <Dn  not  u'^e  o'l  or  grease  on  any  oxygen  or  acetylene  connections 

1^         Never  open  tank  valves  until  ycu  are  certain  that  regulator  valves 
are  dosed 

12        N.^.'cr  open  the  vaiv^js  on  the  cyhnders  with  a  hammer 

i']        Nover  hammer  on  oxygen  o:  ocetylene  rt^gulators 

14.  ,     Do  r^ot  hght  a  torch  with  a  match  or  open  flame;  4jse  striker 
provideci 

15        Before  lighting  torcfi,  be  positive  that  hose,  tanks,  or  any 
infidnmiable  materui'  wilt  not  be  exposed  to  heat,  fla.ne,  or  sparks 

M)        BeWfif'^  of  htdfi  act,'ty!ene  pressure,  nriver  use  acetylene  gas  when 
th^^  pre^^uie      greater  tlian  15  lbs  psi 

.^,0'^L  Acetylene  gas  when  compressed  to  ^r^ore  than  15  Ibb, 
i..^co.nej  c<  ve^y  inqfi  explosive.) 
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Never  screw  the  regulator  screw  in  tight  against  the  regulator  as 
this  spoils  the  diaphragm 

(NOTE:  If  hose  pressure  drops,  check  tank  pressure  at  regulator; 
tank  is  probably  empty.) 

Do  not  hold  welding  or  cutting  tip  too  close  to  your  work;  this 
may  cause  a  flashback  in  your  torch 

Never  use  a, tip  that  gets  hot 

(NOTE:  A  hot  tip  or  handle  is  caused  by  the  burning  of  oxygen 
and  acetylene  inside  of  the  tip  or  handle.  This  is  a  dangerous 
situation  which  should  be  repaired  immediately.) 

Never  use  a  torch  that  leaks 

Never  leave  your  torfch  burning  unattended 

Never  leave  torch  valve  open 

Do  not  use  the  torch  for  a  hammer,  crowbar,  wedge,  or  for  ciny 
purpose  other  than  welding;  do  not  use  a  cylinde*',  even  when 
empty,  as  a  roller 

Do  not  store  cylinders  in  a  room  where  the  temperature  is  more 
than  80' 

Do  not  adjust,  alter,  change,  build,  or  do  any  experimental  work 
on  cylinders,  regulators,  torches,  or  any  other  gas  equipment 

Never  attempt  to  weld  a  closed  or  jacketed  tank,  vessel,  or 
container  without  a  vent  for  air 

(NOTE:  Even  vyith  a  vent,  great  care  should  be  used  not  to  get 
gas  in  tank.  If  for  any  reason  you  should  get  gas  in  the  tank^ 
be  sure  to  aerate  the  tank.) 

Use  a  regulator  on  air  acetylene  torches 

Stand  to  one  side  of  regulator  while  slowly  Qpening  the  cylinder 
valve 

Purge  oxygen  and  acetylene  passages  before  lighting  torch 
Secure  all  cylinders  to  prevent  them  from  being  knocked  over 
Purge  cylinder  valve  before  attaching  regulators 
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32  Release  adjustif^g  scrcw*^  or  regulator  before  opening  cylinder 

valve 

33  Do  not  use  a  torch  on  a  pressunzed  system 

34  Lght  acetylene  before  opening  oxyigen  valve  on  torch 

35  Install  flashback  valves  on  all  oxyacetylene  welding  equipment 

36  Do  not  use  oxygen  as  a  suostitute  for  compressed  air 

37  Keep  heat,  flames,  and  sparks  away  from  combustibles 

B      Electric  welding 

1  If  It  I.  necessary  to  couple  lengths  of  cable  together,  make  sure 
joints  are  insulated  and  all  electrical  connections  are  tight,  use 
fio  cable>  with  frayed,  cracked,  or  bare  spots 

2  When  electrode  holder  is  not  in  use,  hang  it  on  welding  machine 
or  special  holder;  never  let  it  touch  a  gas  cylinder 

3.       Always  have  welding  machine  properly  grounded 

4  Make  sure  pedal  controls  are  guarded  to  prevent  accidental  starts  ^ 

5  If  need  arise:,  to  weld  m  damp  or  wet  conditions,  wear  rubber 
boots  and/or  stand  on  dry  cardboard  or  wood 

6  Stand  only  on  solid  items,  floor  or  qround  *  - 

7  When  weldmq  m  high  places  without  railings,  use  safety  belt  or 
lifeline 

Always  wear  proper  eye  protection,  especially  when  grinding  or 

cutting 

9.       Keep  your  booth  curtains  closed  to  protect  the  eyes  of  others 
10        Never  weld  or  cut  directly  on  a  concrete  floor 
11.       Do  not  look  at  the  arc  with  the  naked^.eye 

12  Wear  a  head  or  face  shK'ld  that  is  in  good  condition 

13  Always  wear  suitable  protective  clothing 

Exjmples  Long  sleeved  shirt,  leather  gloves,  turned  down 
cuffs,  high  top  shoes  or  boots,  buttoned  (fown 
collar 
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14.  Do  not  strike  an  arc  or  weld  until  you  are  sure  those  in  the 
vicinity  have  protective  equipment  or  will  look  in  the  other 
direction 

(NOTE:  Shout  "COVER"  before  striking  the  arc.) 

15.  Do  not  pick  up  hot  metal 

16.  Do  nof  weld  in  confined  places  without  proper  ventilation 

*        17.       Open  main  switch  or  disconnect  plug  when  checking  a  welder 

18.  Do  not  leave  electrode  holder  on  welding  table  or  in  direct  contact 
with  grounded  rtietal 

19        Do  not  use  worn  or  frayed  cables 

Components  of  the  air-acetylene  torch  outfit  (Transparencies  1  and  2)" 

A.  Torch  handle 

B.  »  Regulator 

C.  Hose 

D.  Tips 


1. 

No. 

1- 

-Very  fine  pointed  flame 

2. 

No. 

2- 

-Fine 

3. 

No. 

3- 

-Medium 

4. 

No. 

4 

-Medium  large 

5. 

No. 

5- 

-Lirge 

6. 

Ko. 

6- 

-Extra  large 

E.  High  temperature  wraparound  flame  tip 

F.  Halide  torch  leak  detectors 

G.  Soldering  copper 

H.  Acetylene  tanks 

1.       "B"  tank 

(NOTE:  This  has  a  capacity  of  40  cuoic  feet.) 
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i\i(Ue    This'has  a  capacity  of  10  cnhic  feel  ^ 

i  StMKrf 

Con.f)onrMts  oi  i^-p  air  nrouane  lorth  uiilfit  (Transparencies  3  and  't) 
A.     Torcf^  h.in.iie 
B  RpfUiinor 

r:      Hinr-  trf^^.nerciliHe  waparound'  flame  tip 

3  L.i*ge. 
f      Hdii'.le  torch  kak  detectoi 
F      Soidenntj  .roppei 
G      L>iu)^^-\^1  petroleun^  cylinders 

1  .^12  it)  capantv 

2  20  it)  capacity 

u      ri,,     D  M/f^  with  left  hand  nuts 

V.     Lighting,  adii.st.nci,  and  cxt-nguishmq  the  air  acetylene  torch 
A     Oi^on  tank  valve  1/2  of  a  turr  ' 

(NOTF         a  tank  key  or  a  refngeratinn  ratchet  handle  to  open  th 

B      Op^n  vc5' v'f^  on  h  vmWv 
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D.  Turn  handle  valve  to  adjust  flame 

E.  Adjust  flame  so  that  the  inner  blue  cone  is  about  1  1/2"  long  (Figure 
2)  • 

(NOTE:  The  hottest  part  of  the  flame  is  1/8"  from  the  inner  blue  cone.) 


F.     Extinguish  the  flame 

1.  Close  tank  valve 

2.  Let  flame  burn  itself  out 

3.  Close  valve  on  handle  ^ 
Vi.    Care  of  the* air-acetylene  torch 

A.  Secure  tank  from  falling  over 

B.  Don't  overtighten  regulator  adjustment 

C.  Keep  tips  clean 

D.  Check  for  acetylene  leaks  before  using 

VII.    Components  of  the  oxyacetylene  torch  outfit  (Transparencies  5  and  6) 

A.  Oxygen  regulator 

B.  Acetylene  regulator 

C.  Torch  handle 

D.  Cutting  attachment 

E.  Welding  tip 

F.  Cutting  tip 
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G.  Twin  hose 

H.  Safety  goggles 

I.  Striker 
J.  Cart 

K.    Oxygen  cylinder 
L     Acetylene  cylinder 
VIM.    Steps  for  setting  up  the  oxyacetylene  torch 

A.  Fasten  cylinders  in  a  vertical  position 

B.  '   Rennove  caps  from  cylinders 

C     Crack  valves  of  each  cylinder,  then  close  valves 
D     Connect  oxygen  regulator  to  oxygen  cylinder 
(CAUTIOM:  Do  not  lubricate.) 

1.  Turn  pressure  adjusting  screw  on  regulator  counterclockwise  until 
tension  on  spring  is  released 

2.  Slowly  open  cylinder  and  tighten  in  open  position 

E.  Connect  acetylene  regulator  to  acetylene  cylinder 

*  1.       Turn  pressure  adjusting  screw  on  regulator  counterclockwise  tintil 

tension  on  spring  is  released 

2.       Open  cylinder  v^lve  1/2  to  3/4  of  a  turn 

(NOTE:  Never  open  more  than  1  1/2  turns.) 

F.  Connect  dfretylene  hose  (red)  tq  acetylene  regulator  and  purge  hose 

(NOTE:  All  acetylene  fittings  havexa  grooved  nut  to  indicate  left-hand 

threads.)' 

G.  Connect  oxygen  hose  (green)  to  oxygen  regulator  and  purge  hose 
(NOTE    All  oxygen  fittings  have  right-hand  threads.) 

H.  Connect  torch  body  to'  oxygen  and  acetylene  hose  and  close  both  valves 
on  torch  body 
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INFORMATION  SHEET 

I.     Attach  welding  tip  to  torch  body 

(NOTE:  Size  of  tip  is  determined  by  thickness  of  metal  to  be  welded,  Use 
manufacturer  s  recommendations  for  tip  size  and  working  pressures.) 

J.     Turn  pressure  adjusting  screw  on  oxygen  regulator  clockwise  until  working 
pressure  is  reached  ^  •  ^ 

K.    TQrn  pressure  adjusting  screw  on  acetylene  regulator  clockwise  until  working 
pressure  is  reached 

L    Test  all  connections  for  leaks  with  soap|jj^uds  and  water 

(NOTE:  Apply  soap  suds  with  a  clean  paint  brush.) 

!X.    Steps  for  lighting,  adjusting,  and  extinguishing  the  oxyacetylene  torch 

A.  LighJng 

1.  Check  all  cylinder,  regulator,  and  torch  valves  to  make  sure  they 
are  turned  off 

2.  Open  acetylene  cylinder  valve  1/2  to  3/4  of  a  turn 
(CAUTION:  Never  open  more  than  1  1/2  turns.) 

3. ^      To  purge  line,  open  acetylene  valve  on  torch  one  turn 

4.  Turn  acetylene  regulator  pressure  adjusting  screw  clockwise  until 
desired  working  pressure  is  reached 

5.  Close  acetylene  valve  on  torch 

6.  Open  oxygen  cylinder  valve  all  the  way  and  tighten  in  open 
position   

7.  Open  oxygen  torch  valve  one  turn 

8.  Turn  oxygen  regulator  pressure  adjusting  screw  clockwise  until 
desired  pressure  is  reached 

9.  Close  oxygen  valve  on  torch 

10.  Open^ceTytene"^vatve  on  torch  -1  /4-  toTrr-  -  - 

11.  Light  the  torch  with  flint  lighter 
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B.  Adjusting 

1.  Adjust  until  smoke  on  flamp  clears 

2.  Open  oxygen  torch  valve 

3.  Adjust  to  a  neutral  flame  with  a  tiny  trace  of  feather  on  the 
inner  cofie 

(NOTE:  The  working  pressure  is  determined  by  the  size  of  the 
tip.) 

C,  Extinguishing 


1. 

Close 

acetylene  torch  valve 

2. 

Close 

oxygefi  torch  valve 

3. 

Close 

acetylene  cylinder  valve 

4. 

Close 

oxygen  cylirujer  valve 

5. 

Open 

acetylene  torch  valve 

jNOTE:  When  gauge$  reach  0,  release  acetylene  regulator  pressure 
-adjusting  screw  and  close  torch  valve.) 

6.  Open  oxygen  valve  on -torch 

(NOTE:  When  gauges  reach  0,  release  oxygen  regulator  pressure 
adjusting  screw  and  close  torch  valve.)  j 

7.  Place-  torch  and  hoses  on  hanger  or  brackets 
Care  of  oxyacetylene  welding  equipment 

A.  Use  no  oil  around  the  equipment 

B.  '  Do  not  leave  pressure  on  regulators 

C.  Keep  tips  clean 

D.  Check  for  loose  or  leaky  fittings 

E.  Keep  hose  off  of  the  floor  as  much  as  possible  f 

/ 
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INFORMATION  SHEET 

XI.  Equipment  for  electric  welding  (Tfansparencies  7  and  8) 
A,    Electric  welder 

8.     Electrode  holder 

C.  Ground  clamp 

D.  Shield 

E.  Gloves  ,  ' 
Chipping  hammer 

G.  Safety  goggles 

H.  Wire  brush  4 

I.  Electrode 

XII.  Uses  of  the  electric  welder  in  the  air-conditioning  and  refrigeration  trade 

A.  Constructing  angle  iron  equipment  racks 

B.  Fabricating  compressof  mounting  plates 

C.  Repaiiing  brolter  J:^races  and  supports 
XI U.    Care  of  the  electric  welder 

A.  Cables  should  be  correct  size 

B.  Cables  should  be  well  insulated 

C.  Check  cables  for  defective  insulation  periodically  ^ 

D.  Keep  all  cable  connections  tight 

R.    Check  the  insulation  on  the  electrode  holder 
F.     Holder  should  grip  the  electrode  tightly 
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Air-Acetylene  Torch  OutTit 
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Air-Acetylene  Torch  Outfit 

(Continued) 


Air- 


Wraparound  Flame  Tip 


424 


le  Torch  Outfit 


Regulator 


Small 


Medium 


Large 

Standard  Tips 


425 


> 

O 
J) 


m 


Air-Propane  Torch  Outfit 

(Continued) 


Soldering  Copper  ^^^^  Striker 
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Oxyacetyiene  Torch  Outfit 


Oxygen  Regulator 


Acetylene  Regulator 


Torch  Handle 


Cutting  Attachment 


Welding  Tip 


Cutting  Tip 
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Oxyacetylene  Torch  Qiitfit 

(Continued) 


Oxygen  Cylinder     Acetylene  Cylinder 


Electric  Welding  Equipment 


Welding  Equipment 

(Continued) 


Wire  Brush 


Electrode 


Chipping  Hammer 


Safety  Goggles 


> 

o 
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SOLDERING  AND  WELDING  EQUIPMENT 
UNIT  I 


JOB  SHEET  #1-LIGHT  AND  ADJUST  THE 
AIR-ACETYLENE  TORCH 


ERIC 


I.    Tools  and  materials 

A     Air-acetylene  torch  outfit 
B     Acetylene  tank  valve  wrench 

C.  Striker 

D.  Colored  safety  glasses 
II  Procedure 

A.  Put  on  colored  safety  glasses 

B.  Open  tank  valve  1/2  of  a  turn 

C     Check  system  for  leaks  with  soap  bubbles 

(CAUTION    Never  check  for  a  gas  leak  with  a  flame.) 
D.    Op<^n  torch  handle  valve  i/4  of  a  turn 
E     S'uike  striker  immedidtoly 

F      Upon  ignition       flarre,  open  torch  VcMve  another  1/2  of  a  turn 

(CAUTION.  If  flame  does  not  ignite  immediately,  shut  off  valve  on  handle. 
Delayed  ignition  could  cause  an  explosion.) 

G     AdjiiSt  flame  ao  that  inner  blue  cone  is  abOL    1  1/2"  long 

(NOTE  If  there  is  -an  air  gap  between  the  inner  ^lue  cone  and  tfie  torch 
tif),  tf^.e  regulator  adjusting  screw  may  need  to  be  turned  counterclockwise 
in  order  to  decrease  the  pressure  ) 

H  Extinguish  b\  closing  tank  vaive  first 

I  LrM  flame  burn  itself  out 

J  Ciose  torch  handle  vaivp 

K  Roll  up  hose 

L  Put  awav  equipment 
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SOLDERING  AND  WELDING  EQUIPMENT 
UNIT  I 

JOB  SHEET  #2--LIGHT  AND  ADJUST  THE  HALIDE  TORCH  LEAK  DETECTOR 

I.  Tools  and  materials 

A.  Air-acetylene  torch  outfit 

B.  Halide  torch  leak  detector 

C     Acetylene  tank  valve  wrench 

D.  Striker 

E.  Safety  glasses 

II.  Procedure 

A.  Put  on  safety  glasses 

B.  Remove  tip  from  torch  handle  by  turning  tip  counterclockwise 

C.  Install  the  halide  torch  leak  detector  in  the  torch  handle 

D.  Open  tank  valve  1/2  of  a  turn 

E.  Check  system  for  leaks  with  soap  bubbles 
(CAUTION.  Never  check  for  a  gas  leak  with  a  flame.) 

F.  Open  torch  handle  valve  1/4  of  a  turn 

G.  Hold  striker  over  end  of  leak  detector  while  striking 

H.  Place  thumb  over  end  of  sniffer  hose  while  lightirig  detector  flame 

I.  Rp'move  thumb  as  soon  as  flame  is  lit 
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JOB  SHEET  #2 

J,     Adjust  flame  so  that  inner  blua  cone  just  barely  touches  the  reai  ^  •  plate 
(Figure  1) 


Figure  1 


K 

E.>tinguish  by  closing  tank  valve  first 

L 

Let  flame  burn  itself  out 

M. 

Close  torch  handle  valve 

N 

Remove  leak  detector  from  torch  handle 

0. 

Replace  tip  in  torcn  handle 

P. 

Roll  up  hose 

Q. 

Put  away  equipment 

ERIC 
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SOLDERING  AND  WELDING  EQUIPMENT 
UNIT  I 


JOB  SHEET  #3  LIGHT  AND  ADJUST  THE  OXYACETYLENE  TORCH 

I.  Tools  and  materials 

A.  Oxyacetylene  welding  outfit 

B.  Weldi  ig  goggles 

C.  Striker 

II.  Procedure 

A.    Check  all  cylinder,  regulator,  and  torch  valves  to  make  sure  they  are  turned 


B.  Open  acetylene  cylinder  valve  1/2  to  3/4  of  a  turn 
(CAUTION.  Never  open  more  than  1  1/2  turns.) 

C.  To  purge  line,  open  acetylene  valve  on  torch  one  turn 

D.  Turn  acetylene  regulator  pressure  adjusting  screw  clockwise  until  desired 
working  pressurf?  is  reached 

E.  Clo^e  acetylene  valve  on  torch 

F.  Open  oxygen  cylinder  v/alve  all  the  way  and  tighten  in  open  position 

G.  Open  oxygen  torch  valve  one  turn 

H.  Turn  oxygen  regulator  pressure  adjusting  V^rew  clockwise  until  desued 
pressure  is  reached  0 

I      Close  oxygen  valve  on  torch- 

J      Open  acetylene  valve  on  lurch  1/4  turri 

K,     Light  the  torch  with  striker  and  adjust  until  smoko  on  flame  clears 

L,     Open  oxygen  torch  valve  and  adjust  to  a  neutral  flame  with  a  tiny  trace 
of  feather  on  the  inner  cone 

M,    Turn  off  the  torch  and  oxyacetylene  welding  outfit  using  the  following 


off 


procedure 


1. 


Close  acetylene  torch  valve 


2- 


Close  oxygen  torch  valve 
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3.  Close  acetylene  cylinder  valve 

4.  Close  oxygen  cylinder  valve 

5.  Open  acetylene  torch  valve 

(NOTE:  When  gauges  reach  0,  release  acetylene  regulator  pressure 
adjusting  screw  and  close  torch  valve.) 

6.  Open  oxygen  valve  on  torch 

(NOTE:  When  gauges  reach  0,  release  oxygen  regulator  pressure 
adjusting  screw  and  close  torch  valve.) 

7.  Place  torch  and  hoses  on  hanger  or  brackets 
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SOLDERING  AND  WELDING  EQUIPMENT 

^J,i\J  I 


TEST 

Match  the  terms  on  the  right  to  the  correct  definitions. 


a. 

Joining  two  metals  by  adhesion  of  a  high 

1. 

Inner  cone 

temperature    soldering    alloy  which 

conta!  s  some  percentage  of  silver 

2. 

Air-acetylene 

torch 

b. 

Fire  inside  the  torch 

Device    for    reducing    high  cylinder 

3. 

Regulator 

c. 

pressure  to  a  low  working  pressure 

4. 

Arc 

d. 

Joining  two  metals  by  adhesion  of  a  low 

5. 

Neutral  flame 

melting  temperature  metat 

Flow  of  electric  current  from  the  tip  of 

6. 

Silver  brazing 

e. 

the  electrode  holder  to  the  metal  being 

7. 

Soldering 

'velded 

8. 

Electrodes 

f. 

Inner  white  part  of  a  neutral  flame 

9. 

Flashback 

9* 

Burning  of  equal  parts  of  oxygen  and 

valve 

acetylene 

10. 

Flashback 

h. 

Metal  rods  which  conduct  a  current  from 

the  electrode  holder  to  the  metal  being 
welded 


i.  Torch  which  uses  an  acetylene  cylinder 
only  and  gets  the  oxygen  to  support  the 
flame  from  the  surrounding  air 

j.  One-way  /alve  which  prevents  a 
flashback  from  going  up  the  hoses  and 
to  the  regulators 
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Select  safety  rules  for  using  soldering  and  welding  equipment  by  placing  an  "X" 
in  the  appropriate  blank. 

a.  Do  not  weld  in  the  vicinity  of  explosive  materials  or  near  carbon 
tetrachloride 

b.  Always  make  sure  you  have  enough  ventilation  to  give  three  or  four 
complete  changes  of  air  per  day  , 

c.  Use  air  exhaust  at  the  weld  whenever  welding  lead,  cadmium, 
chromium,  manganese,  brass,  bronze,  zinc,  or  galvanized  metals 

d.  Never  use  a  torch  that  leaks 


e.  Never  leave  your  torch  burning  unattended 


f.  Never  leave  torch  valve  open 


g.  Do  not  use  the  torch  for  a  hammer,  crowbar,  wedge,  or  for  any  purpose 
other  than  welding;  do  not  use  a  cylinder,  even  when  empty,  as  a 
roller 

h.  Do  not  use  oil  or  grease  on  any  oxygen  or  acetylene  connections 

i.  Never  open  tank  valves  until  you  are  certain  that  regulator  valves  are 
open 

j.   Open  the  valves  on  the  cylinders  with  a  hammer 
k.  Always  wear  suitable  protective  clothing 


I.   Always  keep  a  safe,  clean  work  area 

m.  Make  sure  there  are  no  flammable  materials  near 


n.  Before  lighting  torch,  be  positive  that  hose,  tanks,  or  iny  inflammable 
material  will  not  be  exposed  to  heat,  flame,  or  sparks 

o.  Bewfere  of  high  acetylene  pressure;  never  use  acetylene  gas  when  the 
pressure  is  greater  than  15  lbs.  p.s.i.  ,  , 

p.  Do  not  stu'^e  cylinders  in  a  room  where  the  temperature  is  less  than 
80" 

q.  Do  not  adjust,  alter,  change,  build,  or  do  any  experimental  work  on 
cylinders,  regulators,  to'^ches,  or  any  other  gas  equipment 

r.  Always  weld  a  closed  or  jacketed  tank,  vessel,  or  container  without 
a  vent  for  air 

s.  Never  hammer  on  oxygen  or  acetylene  regulators 

t.  Do  not  light  a  torch  with  a  match  or  open  flame;  use  striker  provided 
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5.       Discuss  lighting,  adjusting,  and  extinguishing  the  air-acetylene  torch. 


J 


List  four  steps  for  proper  care  of  the  air-acetylene  torch. 

a. 

b. 

c. 

d. 

Identify  the  components  of  tho  oxyacetylene  torch  outfit. 


a.. 


b.. 
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Arrange  in  order  the  following  steps  by  placing  the  correct  sequence  number 
in  the  appropriate  blank. 

a.  Connect  acetylene  hose  (red)  to  acetylene  regulator  ani  purge  hose 

 b.  Remove  caps*  from  cylinders 

 ^c.  Turn  pressure  adjusting  screw  on  oxygen  regulator  clockwise  until 

working  pressiire  is  reached  ^  '  . 

d.  Test  all  connections  for  leaks  with  soap  suds  and  water 


 e.  Fasten  cylinders  in  a  vertical  position 

f.  Connect  acetylene  regulator  to  acetylene  cylinder 

1)  Turn  pressure  adjusting  screw  on  regulator  counterclockwise 
,  until  tension  on  spring  is  released 

2)  Open  cylinder  valve  1/2  to  3/4  of  a  turn 
 g.  Attach  welbing  tip  to  torch  body 

 h.  Connect  oxygen  regulatqr  to  oxygen  cylinder 

1)  Tum  pressure  adjusting  screw  on  regulatoro  counterclockwise 
until  tension  on  spring  is  rpleased 

2)  *    Slowly  open  cylinder  and  tighten  in  open  position 
i".   Crack  valves  of  eaph  cylinder,  then  close  valves 

 j.   Connect  oxygen  Hose  (green)  to  o){ygen  regulator  and  purge  hose 

 k.  Tum  pressure  adjusting  screw  on  acetylene  regulator  clockwise  until 

working  pressure  is  reached 

•  I. .  Connect  torch  body  to  oxygen  and  acetylene  hose  and  clooe  both  valves 

on  torch  body 

Arrange  in  order  the 'following  steps  by  placing  the  correct  sequence  letter  in 
the  appropriate  blank. 

a.  Lighting 

  1)  To  purge  line,  open  acetylene  valve  on  torch  one  turn 

  2)  Turn  oxygen  regulator  pressure  adjusting  screw  clockwise  until 

~~      desired  pressure  is  reached 

  3)  Chetek  all  oyjinder,  regulator,  and  torch  valves  to  make  sure  they 

are  turned  off 


447 


  4)  Turn  acetylene  regulator  pressure  adjusting  screw  r'xkwise  until 

desired  working  pressure  is  reached 

  ^)  Open  oxygen  torch  valve  one  turn 

  6)  Open  acetylene  cylinder  va.ve  1/2  to  3/4  of  a  turn 

  7)  Close  oxygen  valve  on  torch 

  8)  Close  acetylene  va've  on  torch 

  9)  Light  the  torch  with  flint  lighter 

 10)  Ope    oxygen  cylinder  valve  all  the  way  and  tighten  in  open 

position 

 11)  Open  acetylene  valve  on  torch  1/4  turn 

b.  Adjusting  ^ 

  1)  Adjust  to  a^ neutral  flame  with  a  tiny  trace  of  feather  in  the  cone 

  2)  Adjust  untii  smoke  on  flame  clears 

  3)  Open  oxygen  torch  valve 

c.  Extinguishing 

  1;  Close  oxvgen  cylinder  valve 

  2)  Place  lorch  and  hoses  on  hanger  or  brackets 

 3)  Close  acetylene  torch  valve 

  4)  Open  acetylene  torch  valve 

« 

  5)  Open  oxygen  valve  on  torch 

  6)  Close  ox /gen  torch  valve 

  7)  Close  acetylene  cv..nder  valvfe 

10.       List  five  steps  for  proper  care  of  oxyacetylene  welding  equipment, 
a. 


d. 
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List  three  uses  of  the  electric  welder  in  the  air-conditioning  and  refrigeration 
trade. 

a 

b. 
c 

List  four  steps  used  for  proper  care  of  the  electric  welder, 
a. 

d 

Demonstrate  the  ability  to 

a      Light  and  adjust  the  air-acetylene  torch. 

b      Light  and  adjust  the  haiide  torch  leak  detector. 

c.     Light  and  adjust  the  oxyacetylene  torch. 

(NOTE  If  these  activities  have  not  been  accomplished  pnor  to  the  test,  ask 
your  instructor  when  thev  should  be  completed.) 
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SOLDrRING  AND  WELDING  EQUIPMENT 
UNIT  I 


ANSWERS  TO  TEST 

1.  a.  6  f.  1 

b.  10  g.  5 

c.  3  h,  8 

d.  7  i.  2 

e.  4  j.  9 

2.  a,  c,  d,  e,  f,  g,  h,  k,  I,  m,  n,  o,  q,  s,  t 

3.  a.  Regulator 

b.  Halide  torch  leak  detector 

c.  Cylinder  wrench 

d.  '  /iC"  acetylene  tank 

e.  "B"  acetylene  tank 

f.  Hose 

g.  Soldering  copper 

h.  Stiiker 
I.  Tip 

j.  Torch  handle 

4        a  Regulator 

b.  Hose 

c.  Halide  torch  leak  detector 

d.  High  temperature  wraparound  flame  tip 

e.  Liquified  petroleum  cylinder  2  1/2  lb.  capacity 

f.  Striker 

g.  SolJemg  copper 
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h      Liquified  petroleum  cylinder  20  lb.  capacity 
L      Torch  handle 
Discussion  should  include: 

a.  Open  tank  valve  1/2  of  a  turn 

b.  Open  valve  on  handle 

c.  ignite  gas  with  a  striker 

d.  Turn  handle  valve  to  adjust  flame 

e.  Adjust  flame  so  that  the  inner  blue  cone  is  about  1  1/2"  long 

f.  Extinguish  the  flame 

1)  Close  tank  valve 

2)  Let  flame  burn  itself  out 

3)  Clo$e  valve  on  handle 
a.     Secure  tank  from  falimg  over 

b      Don't  overtighten  regulator  adjustment 

c.  Keep  tips  clean 

d.  Check  for  acetylene  leaks  before  using 
a      Safety  goggles 

b      Ox/v^en  regulator 
c.     Acetylene  regulator 
d  Cart 

e      Acetylene  cylinder 

f      C  tt.ng  tip 

y  Striker 

h      Oxygen  cyiinder 

I       Torch  handle 

j       Weidina  tip 

k,     CljJ;^^  attachnvjnt 

I       Twin  nose 
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8.  a.     6  e.     1  i.  3 

b.  2   -  f.     5  j.  7 

c.  10  g.     9  k.  11 

d.  12  h.    4  I.  8 

9.  a.       1)  c  7)  i 

2)  h  8)  e 

3)  a  9)  k 

4)  d  10)  f 
b)  g  11)  j 
6)  b 

b.  1)  c 

2)  a 

3)  b 

c.  1)  d  5)  f 

2)  g  6)  b 

3)  a  7)  c 

4)  e 

10.  a.     Use  no  oil  around  the  equipment 

b.  Do  not  leave  pressure  on  regulators 

c.  Keep  tips  clean 

d.  Check  for  loose  or  leaky  fittings 

e.  Keep  hose  off  of  the  floor  as  much  as  possible 

11.  a.     Safety  goggles 

b.  Wire  brush 

c.  Chipping  hammer 

d.  Ground  clamp 
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e.  Gloves 

f.  Shield 

g.  Electric  welder 

h.  Electrode  holder 
i  Electrode 

a.  Constructing  angle  iron  equipment  racks 

b.  Fabricating  connpressor  mounting  plates 
c  Repairing  broken  braces  and  supports 
Any  four  of  the  following: 

a.  Cables  should  be  correct  size 

b.  Cables  should  be  well  insulated 

c.  Check  cables  for  defective  insulation  period-cally 
d  Keep  all  cable  connectioru  tight 

e  Check  the  insulation  on  the  electrode  holder 

t.  Holder  -.hould  grip  the  electrode  tightly 

Pertorfnance  skilis  evaluated  to  the  satisfaction  of  the  instructor 
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SOFT  SOLDERING 
UNIT  II 


JNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  match  terms  associated  with 
soft  soldering  to  the  correct  definitions  and  discuss  the  types  of  soft  solder  and  fluxes. 
The  student  should  also  be  db\e  to  list  the  steps  for  making  a  solder  joint  and  the  conditions 
.for  proper  capillary  action  of  solders.  This  knowledge  will  be  evidenced  through 
demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  soft  soldering  to  the  correct  definitions. 

2.  Discuss  the  descriptions  and  uses  of  types  of  soft  solder. 

3.  List  the  thirteen  steps  in  making  a  solder  joint. 

4.  Describe  the  types  of  flux  used  in  soft  soldering. 

5.  List  the  five  conditions  for  creating  capillary  action  of  solders. 

6.  Demonstrate  the  ability  to: 

a.  Clean,  flux,  and  solder  a  swage  joint. 

b.  Solder  an  inverted  swage  joint. 

c.  Solder  a  horizontal  swage  joint, 

d.  Soft  solder  with  the  oxyacetylene  torch. 
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SOFT  SOLDERING 
UNIT  II 

SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Discuss  unit  and  specific  objectives. 

D.  Discuss  information  sheet. 

E.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

F.  Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

L    Included  m  this  unit. 

A.  Objective  sheet 

B.  Information  sheet 

C.  Job  sheets 

1.  Job  Sheet  #1-Cle3n,  Flux,  and  Solder  a  Swage  Joint 

2.  Job  Sheet  #2--Solder  an  Inverted  Swage  Joint 

3.  Job  Sheet  #3-Solder  a  Horizontal  Swage  Joint 

4        Job  Sheet  #4  -Soft  Solder  with  the  Oxyacetylene  Torch 

D.  Test 

E.  Answers  to  test 

^5C 
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II.  References: 

A.    The  Oxy-Acetylene  Handbook.  New  York,  New  York:  Linde  Division/Union 
Carbide  Corp.,  1968.  > 

'  B.     "Soldering  and  Brazing:  The  Mark  of  the  Craftsman."  Refrigeration  Service 
and  Contracting.  March,  1975,  p.  14. 
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SOFT  SOLDERING 
UNIT  II 

INFORMATION  SHEET 

I.  Terms  and  definitions 

A     Antimony-Alloy  which  is  added  to  soft  solder  for  added  strength 

Capillary  action-The  manner  in  wnich  the  molten  solder  is  drawn  into  the 
joint  through  the  proper  application  of  heat 

C     Soft  solder-Solder  with  a  melting  temperature  of  800°F  or  less,  that  is 
used  as  a  filier  metal 

D.  Flux-Mildly  corrosive  substance  that  is  applied  to  a  joint  prior  to  soldering 
to  prevent  oxidation 

E.  Filler  metal-Metal  which  is  melted  and  is  used  to  join  two  similar  or 
dissimilar  metals  together 

F      Oxidize-To  combine  with  oxygen 

(IMOTE:  This  will  create  the  accumulation  of  a  film  on  the  tubmg  that 
prevents  the  flov\^  of  solder ) 

G     Eutectic  solder-  Solder  having  a  low  melting  pont 

H.    Topped-The  process  of  melting  a  solder  on  top  of  the  one  that  was  used 
to  make  the  joint  to  insure  a  leak  proof  joir.t 

II.  Descriptions  and  uses  of  types  of  soft  solder 
A.     50  50  solder 

1.  All  purpose  solder  for  plumbing 

2.  Easy  to  use 

3.  Composition 
a  50%  tm 
b      50%  lead 

B     95  5  solder 

1        Usually  usfxi  only  when  specified 
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INFORMATION  SHEET 


2        Hard  to  use 

(NOTE'  When  used,  it  should  be  toppeo  with  50-50  solder,) 
3,  Composition 

a,  95%  tin 

b.  5%  antimony  # 
40-60  solder 

1,  WiM  not  flow  as  well  as  50-50 

2,  Not  generally  used 

3,  Composition 
a.     40%  tin 
b      60%  lead 

63-37  solder 

1  A  eutectic  solder 
a      Very  strong 

i)      Low  melting  ten^perature 
'   2        Used  v\here  low  molting  temperatures  are  necessary 
;  3  Composition 
^  r      63%  1in 

b      3'/^''^  lead 

97  3  solder 

\ 

1.        A  sHver  [)eaM:iq  soft  solder 
a      Good  strength 
b      Excellent  flowing  C}ualitie$ 

2  Used  for  tood  processing  equipment 
3.  Composition 

a.  97-^'n  tin 

b.  3%  Sliver 
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r 

lNFOR^''ATION  SHEET  ^  " 

IIL    Steps  for  making  a  solder  joint 

A     Measure  lengtn  of  tube  ^  ^  ^ 

B.  Cut  tube  square  / 

C.  Ream  cut  end  '  / 

/ 

D     Clean  tube  end  -  / 

E.  Clean  f.tting  socket  -      -  ^ 

F.  Apply  flux  TO  tube  end 
G  Assemble 

H.  Remove  excess  flux 

c 

I.  Vent  with  dry  nitrogen 
J      Apply  heat 

K.    Apply  solder 

L.     Allow  joint  to  cool 

M.    Clean  the  joint  * 
IV-    Tvpes  of  flux  tor  soft  solder  '  " 

A.  Mildly  corrosive  paste  flux  ' 

1.  Composed  of 
a  Ztnc 

b.     Ammonr  ti 

2.  Aids  in  easy  flowing  of  solder 

(NOTE    This  flux  is  recomirenH^d  for  use  with  50-50  and  95  5  soHer  ) 

B.  Liquid  self  cleaning  fluxes 

1.  Nonuniform  cleaning 

2.  Could  create  contamination 

(NOTE    This  type  of  flux  is  not  recommended  for  refrigeration  work.) 
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INFORMATION  SHEET 

Conditions  for  creating  capillary  action  of  solders 
A     Proper  joint  fit 

B.  Correct  heat  ''temperature 

C,  Even  heating 

D.  Properly  cleaned  joint 

E,  Correct  flux 
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SOFT  SOLDERING 
UNIT  II 


JOB  SHEET  #1-CLEAN,  FLUX,  AND  SOLDER  A  SWAGE  JOINT 

I.  Tools  and  materials 

A.  Tubing  cutter 

B.  Reamer 

C.  Flaring  block 

D.  Swage  punch  j 

E.  Ball  peen  hammei 

F.  Scft  copper  tubing 

G.  Fine  sand  cloth  or  special  pads 

(NOTE:  Do  n  )t  use  emery  cloth  when  working  with  refrigerant  lines.) 

H.  Low  corrosive  paste  flux 

I      Air-acetylene  torch  outfit 
J.     Colored  safety  glasses 
K.  Striker 
L.     50-50  solaer 

(NOTE.  If  50-50  solder  is  not  available,  ask  the  instructor  for  a  substitute 
soft  solder.) 

M.    Wood  block 

Clean  damp  towel 

0  Hacksaw 

II.  'Procedure 

B      Remoi-e  tubing  from  the  flaring  block 

C     Use  sand  cloth  to  clean  the  swage  socket 
-if 


JOB  SHEET  #1 


C'ean  one  end  of  the  other  piece  of  tubing 
Do  not  touch  cleaned  surfaces 

(NOTfe  Oils  and  moisture  from  the  skin  would  cause  the  cleaned  surfaces 
to  oxidize  ' 

Apply  a  thin  film  of  flux  to  the  piece  to  be  inserted  with  a  clean  brush 

(CAUTION.  Do  not  apply  flux  with  fingers.  Flux  could  easily  be  carried 
to  t^ie  eyes  which  would  be  very  harmful.)  » 

Insert  tube  into  swage  socket 

Insert  tube  until  it  reaches  the  bottom  of  the  swage  socket 
Twist  the  tube  whil^^  inserting  to  spread  the  flux  evenly 
Clean  away  excess  flux  with  a  clean  towel 
Place  tubing  in  wood  block  (Figure  1) 

(NOTE  A  wood  block  approximately  2"  x  4"  x  6"  with  various  sizes 
of  holes  provides  an  adequate  holding  device  for  tubing  projects  If  a  vise 
IS  used  to  hold  the  tubing,  the  swage  joinc  should  be  well  above  the  vise 
jaws  The  vise  jaws  will  absorb  heat  and  make  a  successful  solder  joint 
difficult  ) 


Put  on  colo^^d  safp^^'  glasses 

Light  d^Mj  dUjUSt  torch 

Apu'V  heat  to  swaqe  jomt  (Figure  1) 

(NOTE  The  inner  blue  cjne  of  the  flame  should  be  a|. proximately  1'8" 
away  t''om  the  swage  joint  ) 


FIGURE  1 


Swage  Joint- 


ock 
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JOB  SHEET  ^^ 

0     Move  ttie  torcli  around  heating  ihv  entire  joint 

P      Apf)!v  solder  to  ti^o  joint 

(NOTE  Do  not  melt  solder  with  torch  When  the  tubing  has  been  heated 
to  trie  proper  temperature  tiie  solder  will  melt  and  flow  into  the  swage 
joint  ) 

(CAUTION  Overheating  of  tubing  can  cause  solder  to  splash  when  applied.) 

Q.     Discontinue  heat  and  solder  application  when  solder  flows  from  the  joint 

(NOTE  Do  not  continue  to  apply  solder  if  it  is  not  flowing  into  the  joint. 
If  the  solder  will  not  flow  into  the  joint  it  will  have  to  be  disassembled, 
cleaned  and  the  soldering  process  repeated.) 

R.     Turn  off  torch 

S      Ahow  solder  to  c.oi 

T.     Clean  the  joint  with  a  clean  damp  towel 

U.     Have  instructor  inspect 

V     Cut  swage  jomt  at  a  diagonal  with  a  hacksaw  (Figure  2) 
FIGURE  2 

\ 

,  ^:H-  -1  , 


v\'     Have  instructor  inspect  the  cut  joint 

X.     Clean  up  area  and  put  away  tools  if  this  ts  tiie  last  soldeimg  f^rojoct  of 
the  day 
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SOFT  SOLDERING 
UNIT  II 


JOB  SHEET  ^2 -SOLDER  AN  INVERTED  SWAGE  JOINT 

i     Tools  and  materials 

A     Air-acetylene  torch  outfit 

B.  Colored  safety  glasses 

C.  Striker 

D.  Tubing 

E     50-50  solder 

(NOTE-  If  50-50  solder  is  not  v-vailable,  ask  the  instructor  for  a  substitute 
soft  solder.) 

F.  Wood  block 

G.  Clean  damp  towel 

H.  Hacksaw 
II  Procedure 

A     Prepare  and  swage  tubmg 

B.     Place  tubing  m  wood  block  (Figure  1) 


FIGURE  1 


i     Inner  Blue  Cone 


Swjge  Joint 


Torch 


Wood  Bloc' 


C .     Pui  .jn  safety  q'  isses 
D      Light  and  >idji  st  torr'" 
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JOB  SHEET  #2 


E      Apply  i)e>Jt  t(>  swage  joint  (Figure  1) 

(NO^E  The  inner  blue  cone  of  the  flame  shou'd  bo  approximately  1/8" 
away  from  the  swage  jomt.) 

F      Move  the  torch  around,  heating  the  entire  joint 

(NOTE  The  heat  should  be  applied  on  the  upper  part  of  the  swage  joint 
so  that  the  cap'Hary  action  will  pull  the  solder  up  into  the  joint.) 

G.    Apply  solder  to  the  joint  * 

(NOTE'  Do  not  me!t  solder  with  torch.  When  the  tubing  has  been  heated 
to  the  proper  temperature  the  solder  will  melt  and  flow  into  the  swage 
joint,) 

(CAUTION.  Overheating  of  tne  tubing  can  cause  solder  to  splash  when 

ap'  '  .d  ) 

hi     Discontinue  heat  and  solder  application  when  solder  flows  from  the  joint 

(NOTE'  Do  not  continue  to  apply  solder  if  it  is  not  flowing  into  the  joint. 
If  tf)e  solder  w  II  not  flow  into  the  joint  it  will  have  to  be  disassembled, 
clec^ned,  and  the  soldering  process  repeated.) 

I  Turn  off  torch 

J  Aiic.v  solder  la  cooi 

K  Clean  the  joint  with  a  c  -jri  damp  tovyel 

L  Have  instructor  inspect 

M  Cut  swage  jo'nt  at  a  diagonal  with  a  hacksaw  (Figure  2) 


FIGURE  2 
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N      H<jv^:  instructor    ^Sf)ect  the  rut  joint 

0     Ck^iir        a^ea  and  put  ^\A/ay  tool^         i    i^;  th.p  last  s.)ldFring  proiert  of 
the  day 
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SOFT  SOLDERING 
UNIT  II 


JOB  SHEE"r  #3--S0LDER  A  HORIZONTAL  SWAGE  JOINT 


Tools  and  materials 

A,  Arr-acctylene  torch  outfit 

B,  Colored  safety  glasses 
C  Striker 

D.  Tubing 

^.     50  50  solder 

(NOTE-  If  50-50  solder  is  not  available,  ask  the  instructor  for  a  substitute 
soft  solder,) 

F.  Wood  block 

G.  Clean  damp  towel 

H.  Hacksaw 
Procedure 

A.  Cut  three  pieces  of  tubing  3"  long 

B  Ream  one  end  of  two  pieces 

C,  S>  ^ge  the  two  reamed  pieces 

D-  Clean,  flux,  and  assemble  the  pieces  of  tubing 

E,  Place  tubing  in  block  (Figure  1) 


FIGURE  1 


Wood  Block 


Inner  Blue  Cone 
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JOB  SHEET  #3 

F.    Put  on  safety  glasses 

G     Light  and  adjust  torcK 

H.    Apply  heat  to  swage  joint  (Figure  1) 

(NOTE  The  inner  blue  cone  of  the  flame  should  be  approximately  1/8" 
away  from  tne  swage  jomt.) 

I      Move  the  toich  around,  heating  the  entire  joint 

J.     Apply  solder  to  the  joint 

(NOTE-  Do  not  melt  solder  with  torch.  When  the  tubing  has  been  heated 
to  tf)e  proper  temperature  the  solder  will  melt  and  flow  mto  the  swage 
jo.nt) 

'CAUTION.  Overheat.ng  of  Xrt  tubing  can  cause  solder  to  splash  when 
applied  ) 

K,    Discontinue  heat  .and  solder  application  when  solder  flows  from  the  joint 

(NOTE:  Do' not  continue  to  apply  solder  if  it  i^  not  flowing  into  the  joint. 
If  the  solder  will  not  flow  into  the  joint  it  will  have  to  be  disassembled, 
c.teaned,  and  the  soldering  process  repeated.) 

L.  Turn  off  torch 

M  Ailow  voider  to  cool 

N.  Clean  the  joint  with  a  clean  damp  towel 

0.  Have  instructor  inspect  ^ 

P  Cut  swage  joint  at  a  diagonal  with  a  hacksaw  (Figure  2) 

FIGURE  2 


\ 

\ 


Q.    Havf^  instructor  inspect  the  cut  jomt 

R.    Clean  up  area  and  put  away  tools  if  this  is  th€'  last  soldering  project  of 
the  cay 
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SOFT  SOLDERING 
UNIT  II 


JOB  SHEET  #4  SOFT  SOLDER  WITH  THE  OXYACETYLENE  TORCH 

I     Tools  and  niaterial^ 

A,    Oxyacetylene  torch  outfit 
B     Colored  safety  glasses 

C.  Striker 

D.  Tubing 

E.  50-50  solder 

(NOTE:  If  50-50  solder  is  not  available,  ask  the  instructor  for  a  substitute 
soft  solder.) 

F.  Woou  block 

G     Clean  damp  towel 
li  Procedure 


A  Cut  two  pieces  of  tubing  3"  long 

B  Ream  one  end  of  one  piece  » 

C.  Swage  the  reamed  end  of  *he  tubing  ^ 

D/''  Clean,  flux,  and  assemble  the  pieces  of  tubing 

t  Place  tubing  in  block  (Figure  1) 

(NOTE.  If  a  vise  is  used  to  hold  the  tubing,  the  swage  joint  should  be 
well  above  the  vise  jaws  The  visr  jaws  will  absorb  heat  and  vrnke  a  successful 
solder  joint  difficult  ) 


FIGURE  1 


Acetylene  Feather 

/ 

/    Inner  Blue  Cone 


Swage  Joint 


Wood  Block 
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JOB  SHEET  *4 

F.  Put  on  safety  glasses 

G.  Light  and  adjust  torch  for  neutral  flanne 

H     After  obtaining  neutral  flan^ie  add  more  acetylene  (Figure  2) 

(NOTE:  For  soft  soldering  the  acetylene  feather  should  be  about  4"  long, 
I.      Use  the  acetylene  feather  for^snldenng 


FIGURE  2 


Acetylene  Feather 


Inner  Cone 


J,     Apply  heat  to  swage  joint 

K.    Move  the  torch  around,  heating  the  entire  joint 

L.     Apply  solder  to  the  joint 

(NOTE:  Do  not  melt  solder  with  torch.  When  the  tubing  has  been  heated 
to  the  proper  temperature,  the  solder  will  melt  and  flow  into  the  swage 
joint.) 

(CAUTION'  Overheating  of  the  tubing  can  cause  solder  to  splash  when 
applied  ) 

M     Discontinue  heat  and  solder  apphcation  when  solder  flows  from  the  joint 

(NOT^  Do  not  continue  to  apply  solder  if  it  is  not  flowinq  into  the  joint, 
if  the^solder  will  not  flow  into  the  joint  it  will  have  to  be  disassembled, 
cleaned,  and  the  soldering  process  repeated.)  ' 

M.  Remove  the  heat  as  soon  as  tfie  solder  flows  into  the  joint 

0.  Turn  off  torcn 

P  Allow  solder  to  ooo! 

Q.  Clfian  the  icint  with  a  clean  damp  tovs'ol 
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JOB  SHEET  #4 

R.    Have  instructor  inspect  'V 
S.     Cut  swage  jomt  at  a  diagonal  with  a  hacksav^  (Figure  3) 
FIGURE  3 


\ 


\ 


T.  Have  instructor  mspect  the  cut  joint 
U.    Clean  up  area  and  put  away  tools 
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SOFT  SOLDERING 
UNIT  II 


TEST 


Match  the  terms  on  the  right  to  the  correct  definitions. 


a. 

The  process  of  melting  a  solder  on  top 

•f 
1 . 

riux 

of  the  one  that  was  used  to  make  the 

joint  to  insure  a  leak  proof  joint 

r  u  icCiiC 

Suider 

b. 

Solder  having  a  low  melting  point 

o. 

oOTT  SOlUci 

c. 

To  combine  with  oxygen 

4. 

Antimony 

d. 

Metal  which  is  melted  and  is  used  to 

\r\in  tvA/n  Qimilar  nr  dissimilar  metals 

5. 

Oxidize 

together 

6. 

Topped  \ 

e. 

Mildly  corrosive  substance  that  is  applied  ■ 

Filler  metaV 

to  a  joint  prior  to  soldering  to. prevent 

7. 

'  oxidation 

8. 

Capillary  action 

f. 

Solder  with  a  melting  temperature  of 

800°F  or  less,  that  is  used  as  a  filler 

metal 

9- 

Alloy  which  is  added  to^ft  solder  for 

added  ftrength 

h. 

The  manner  in  which  the  molten  colder 

IS  drawn  into  the ,  joint  though  the 

proper  application  of  .heat 
Discuss  the  descriptions  and  uses  of  types  of  soft  solder. 

a    50-50  * 


I 


T  E 


b.  955 


c.  4060 


d.     63  37 


e.  973 


3.       List  the  thirteen  steps  m  making  a  solder  jOint. 


4  * 

\ 


a. 
b. 

c. 

d. 
e. 

u 
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k. 
I. 


4.       Describe  the  types  of  flux  used  in  soft  solderiri';;. 
a.     Mildly  corrosive  paste  flux 

h.     Liquid  self-cleaning  fluxes 


5.       List  (fjve  conditions  for  creating  capillary  action  of  solders. 


a.  ' 

s  -J 

b.  J 

d. 

e.  ( 
ff.       Demonstrate';  the  'ability  *to: 

a'.  Clean,  flux,  and  so^er  a  swage  joint. 

b.  Solder  pn  inverted  swage 'joint.  ^ 

c.  Solder  |a  hori^sntal  sv\/age  joijit. 

d  Soft  solder  with  che  oxyacetylene  torch. 


(NOTE:  If  these  activities  have  not  been  accomplished  prior*^lhe  test,  ask' 
your  instructor  when  they  $.hould  be  cof)nplete(^) 


0 
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SOFT  SOLDtRING 
UNIT  I' 


a.  6 

b.  2 

c.  5 

d.  7 


ANSWERS  TO  TEST 

e.  1 

f.  3 

g.  4 

1 

h.  8  -  • 


:  # 


Discussion  should  include:  \ 

a.  50-50  solder 

;  J 

I   i      1)       All  purpose  solder^  for  plumbing 

'  ! 

2)  Easy  to  use 

3)  Composition  ^ 

a)  50%  tin 

b)  50%  lead 

b.  95-5  solder 

1)  Usually  used  only  when  specifie 

2)  Hard  to  use 

3)  Composition 
a>     95%  tin 

b)     5%  antimony 

c.  40-60  solder 

1)  Will  not  flow^as  well  as  50-50 

2)  Not  generally  used 
•           2)  Composition 

a)  40%  tin 

b)  60%  lead 
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d     63  37  solder 

1)  A  eutectic  solder 

a)  Very  strong 

b)  Low  melting  temperature 

2)  Used  where  low  melting  temperatures  are  necessary 
3^  Composition 

a)     63%  tin 
d)     37%  le^d 
i       37  3  solder 

1;        A  Sliver  bearing  soft  solder 
i)     Good  streng.-i 

/Excellent  flowing  qualities  • 
Used  fur  food  processing  equipment 
'ii        Co'^  '[''OS*  t' OP 

a)  tin  ; 

b)  3^  silv/er 
J       "if'r^siiie  h'fiqtli  of  tube 

t 

Ci'Mi:  k  be  onfj 

CIc.ri  litbny  soekpt 
f      Apply  'lux  to  tube  end 
q  Assoi^ible 

Ren^ove  excess  flux 
1       Vent  A'it[}  {^ry  nitrogen 
]       AppI/  HVit 
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k.     Apply  solder 

I.      Allow  joint  to  cool 

m.    Clean  the  joint 

4.  Description  should  include: 

a.  Mildly  corrosive  paste  flux 

1)  Competed  of 

a)  Zinc 

b)  Ammonium 

2)  Aids  in  easy  flowing  of  solder 

b.  liquid  self-cleaning  fluxes 

1)  Nonuniform  cleaning 

2)  Could  create  contammation 

5.  a.     Proper  joint  fit 

b.     Correct  heat  temperature 
^  c.     Even  heating 
d.     Properly  cleaned  joint 
a.     Correct  flux 

6        Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 


477 


ACFT^T-  81-E 


SILVER  BRAZING    '  , 
UNIT  III 

t 

UNIT  objective' 


After  completion  of  this  unit,  the  student  should  be  able  to  match  terms  associated  with 
silver  bracing  to  the  correct  definitions.  He  should  also  be  able  to  discuss  silver  solder 
and  the  different  types  of  silver  brazing  alloys.  This  knowledge  will  be  evidenced  through 
demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able"  to: 

1.  Match  terms  arsociated  with  silver  brazing  to  the  correct  definitions. 

2.  Discuss  the  types  of  silver  brazing  alloys. 

3.  Discuss  silver  solder  flux. 

4.  List  the  characteristics  of  the  flux  at  different  temperature  ranges. 

5.  Arrange  in  order  the  steps  in  using  the  air-acetylene  high  temperature 
wraparound  tip  for  silver  brazing. 


Demonstrate  the 

ability  to: 

a. 

Silver 

braze 

an  upright  swage  joint. 

b. 

Silver 

braze 

an  inverted  swage  joint. 

c. 

Silver 

braze 

a  horizontal  swage  joint. 

d. 

Silver 

braze 

a  copper  to  steel  joint. 

e. 

Silver 

braze 

a  joint  while  circulating  dry  nitrogen. 

f. 

Silver 

braze 

the  copper  tubing  project. 

478 


ACR  I  -  83-e 

SILVER  BRAZING 
UNIT  III 

4 

SUGGESTED  ACTIVITIES 

L  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E      Discuss  information  sheet.  *  <  s 

F.  'Demonstrate  and  discuss  the  procedures  outlined  • 

G.  Give  test.  ^ 
II.  Student: 

A'.    Read  objective  sheet. 
B     Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

r 

L    Included  m  this  unit: 

A.  Objective  sheet 

B.  Inform.ation  sheet 

C     Transparency  masters 

1.       TM  1  -Melting  and  Brazing  Ranges 
•2.*~v    TM  2  Behavior  of  Flux  During  the  Bra/'ng  Cycle 


D. 

Job  sheets  ' 

1. 

Job  Sheet  #1 -Silver  Braze  an  Upright  Swage  Joint 

♦ 

2. 

Job  Sheet  #2- Silver  Braze  an  Inverted  §wage  Joint 

3. 

Job  Sheet  #3  -Silver  Braze  a  Horizontal  Swage  Joint 

4. 

Job  Sheet  #4--Silver  Braze 'a  Copper  to  Steel  Joint 

5, 

Job  Sheet  #5 -Silver  Braze  a  Joint  While  Circulating  Dry  Nitrogen 

6. 

Job  Sheet  #6 -Silver  Braze  the  Copper  Tubing  Project 

E. 

Test 

F. 

Answers 

to  test 

References: 

A.  "Soldering  and  Brazing:  The  Mark  of  the  Craftsman."  Refrigeration  Service 
and  Contracting.  March  1975,  p.  14.  ,  . 

B.  Refrigeration  Sen'ice,  Part  I.  Benton  Harbor.  Michigan:  Whirlpool  Corp., 
1974. 
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SILVER  BRAZING 
UNIT  III 


INFORMATION  SHEET 


Terms  and  definitions 

A.  Troy  ounce  -Unit  of  weight  based  on  a  pound  being  twelve  ounces 
(NOTE    Silver  brazing  alloy  .3  sold  by  the  troy  ounce.) 

B.  Silver  solaer  flux-White  borax  paste  applied  to  the  tubing  prior  to  silver 
brazing  to  prevent  oxidation  and  to  aid  in  the  flowinr;  of  the  silver  alloy 

C     Silver  solder-  Designates  a  brazing  alloy  that  contains  sonne  silver 

D.    Silver  brazing  -Process  of  joining  two  nnetals  together  with  silver  alloy  which 
melts  in  the  1100°F  to  1500''F  range 


E  AWS  nunnber-  Nunnber  assigned  by  the  Annerican  Welding  Society  to  all 
welding  nnaterials  in  order  to  provide  unifornnity  between  the  different 
brands 

F.  Cadnniunn--Alloy  which  is  added  to  silver  solder  and  creates  toxic  fumes 
when  It  IS  melted 

(NOTE:  Cadmium  free  sih'er  brazing  alloy  is  the  recommended  alloy  to 
use.) 

G.  Alloy- Substance  made  of  two  or  more  metals 

H.  Sil-phos -Designates  the  silver  brazing  alloy  which  contains  15%  silver  and 
^-"the  AWS  number  is  BCuP-5 

I.  Phos-copper-Designates  the  silver  brazing  alloy  which  contains  5%  silver 
and  the  AWS  number  is  BCuP-3 

Types  of  silver  brazing  alloys  (Transparency  1) 

A.    AWS  number  BAg-1 

1,  Alloys 

a.  45%  silver  ^ 

/ 

b.  15%  copper 

c.  16%  zinc 

d      24%  cadmium 
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INFORMATION  SHEET 

2        Characteristics  ^ 

a      Melts  at  1125'F 
b      Flows  at  1145'F 
c      Excellent  for  siee!  to  copper  joints 
B      AWS  number  BCuP-5 

1  Alloys 

d      15%  silver 
b.     80%  copper 
c      5?c  ohosphonii. 

2  Characteristics 

a      Melts  at  1185°F 
b.     Flows  at  1300'F 

c      Most  Dopular  for  copper  to  copper  joints 
C      AWS  number  BCuP-3 
1  Alloys 

rt.     5%  sMver 
b      89%  copper 
c      6%  phosphorus 
?  Characteristics 

d  Melts  at  n85'F 
b      Flows  at  1300"F 

;N0TE  BCuP  5  and  BCuP  ?  work  at  approximately  the  same  temperature. 
BCuP  5  'S  the  prtjferred  alloy  to  use  due  to  the  higher  silver  content  wh^ch 
qiN/os  added  strrrigtfi  to  the  solder  jOint  On  copper  to  copper  joints  these  two 
alloys  may  be  us^d  wUhout  flux.)  •i' 
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*     .  INFORMATION  SHEET 

III.  Silver  solder  flux 

A.  White  borax  paste 

B.  Apply  thin  film  to  tubing  after  cleaning  ^ 

^  C.    Clean  off  immediately  after  brazing 

(NOTE:  The  silver  solder  flux  should  be  cleaned  from  the  joint  w'th  v»/arm 
water  and  a  rag.  If  flux  is  left  on  the  joint  it  will  cause  oxidation.) 

D.  Don't  allow  the  paste  to  harden  in  the  jar 

(NOTE:  If  the  flux  becomes  hard  in  the  jar  add  a  small  amount  of  water 
and  stir.  This  condition  can  be  prevented  by  keeping  a  small  amount  of 
water  in  the  jar.) 

< 

E.  Apply  flux  with  a  clean  bru^h 

^\  F.     Flux  protects  the  joint  from  oxidation  during  the  brazing  process 

IV.  Flux  characteristics  at  different  temperature  ranges  (Transparency  2) 

A.  200°F  to  500°F -Water  bpils  out  of  flux 

B.  600°F  to  800'F -Flux  will  bubble 

C.  1100°F-Flux  turns  to  a  clear  liquid 

(NOTE:  When  the  f'ux  turns  to  a  clear  liquid  ^tate  this  indicates  that  the 
brazing  range  of  most  alloys  has  been  reached.) 

D.  1600°F  and  above-Flux  will  burn  and  no  longer  protect  the  joint 

V.    Steps  in  using  the  air-acetylene  high  temperature  wraparound  tip  for  silver  brazing 

f 

A.  Place  tip  in  torch  handle 

B.  Open  acetylene  cylmder  valve  half  a  turn 
C     Open  torch  handle  valve 

D.  Ignite  flame 

E.  Immediately  upon  ignition  open  torch  handle  valve  all  the  way 
r.     Hold  torch  so  that  inner  blue  flame  wraps  around  the  joint 
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Melting  and  Brazing  Ranges 


2000'F 


1500 


1000 


500  F 


Meitihg  Range 

198UCopper 
1810-1880  Red  Brass 

1660-1710  Yellow  Brass 

Brazing 

Tennperature  Range 

1350-1550  BCuP-2  Copper  Phos. 
1300-1550  BCaP-3  Copper  Phos. 
1300-1450  BCuP-4  Copper  Phos. 
1300-1500  BCuP-5  Copper  Phos. 
1145-1400  BAg-1  Silver 
1295-1550  BAg-2  Sih^er 
1370-1550  BAg-5  Silver 
1205-1400  BAg-7  Silver 


Melting  Range-Solders 

452-464  95/5  Tin-Antimony 
361-421  50/50  Tin-Lead 
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Behavior  of  Flux  During  Brazing  Cycle 

2000  >■ 


1500  F 


1000  F 


500  F 


Flux  Protects  to  Here 

Brazing  Temperature 

(varies  for  different  filler  metal;^) 

-Flux  Clear  &  Quiet 


Flux  Begins  to  Melt 


Flux  Bubbles 


Water  Boils  Out  of  Flux 
Room  Temperature 
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SILVER  BRAZING 
UNIT  Mi 

JOB  SHEET  #1--SILVER  3RAZE  AN  UPRIGHT  SWAGE  JOINT 


^ 


Joels  "cind  materials 
A.    Tubing 'cutter 
S.  ReanW 


D.  Fearing  block 

E.  .  Swage  punch  .  - 

F.  Bali  peen  hammer 
;  ^  . 

G.  Oxvacetylene  torch  outfit  with  tip-  #51  *  .  ^  • 

H.  Welding  goggles 

I.  Stiiker  ^ 

J.  Clean  damp  towel  / 

K.  Copper  tubing 

L.  -Sand  cloth      *  ,  > 

M.  Stiver  solder  flux  j.^ 

N.  Silver  solder 
H  Procedure 

A.  Cut  two, pieces  of  copper  tubing  3"  long 

^B.  Ream  one  end  of  one  tube  v^.' 

C.  Swage  the  reamed  end 

D.  Clean  tubing  and  swage  socket  with  sand  cloth 

E.  Apply  a  thin^ilm  of  flux  to  tubing 

(NOTE:  Use  a  clean  brush  to  apply  flux.  Do  not  use  your  ffngei;.  Wash 
flux  out  of  brush  after  use.) 

F.  Insert  tube  into  swage  socket 
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JOB  SHcET  #1 


G.  Twist  tube  while  inserting  to  spread  the  flux 

H.  Place  assembiec  swsge  joint  m  vise  Oi  wood  block  (Figuro  1) 

(NOTE:  If  a  vise  is  used  do  not  place  the  swage  socket  down  against  the 
jaws.  The  jaws  will  absorb  heat  and  cause  irratic  brazing  conditions.) 


FIGURE  1 


Wood  Block 


I  J 


•Upright  Swage  ^oint 


I.     Light  the  oxyacetylene  torch 
J.     Adjust  torch  for  a  neutral  flame 
K.    Heat  th^-^  socket  and  the  tube 

L.    Continuously  move  the  flame  back  and  forth  until  both  pieces  are  evenly 
heated 

M.^  Watch  the  flux  for  a  heat  guide 

N.    Move  the  flame  to  the  base  af  the  socket  when  the  fkix  turns  to  a  liquid 
state 

0.    Add  the  brazing  alloy  at  the  point  the  tube  enters  the  socket 

P.     Remove  the  heat  as  soon  as  the  silver  alloy  flows  completely  around  the 
joint 

Q.    Turn  o^f  torch 

R.    Clean  the  joint  with  the  damp  towe' 

(NOTE:  If  flux  has  already  hardened  a  wire  brush  may  be  needed  to  remove 
it.) 
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S.     Have  instructor  inspect 
T.    Clean  up  area 
U     Put  away  tools 


T 
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SILVER  BRAZING 
UNIT  III 


JOB  SHEET  #2"SILVER  BRAZE  AN  INVERTED  SWAGE  JOINT 

Tools  and  materials 

A.  Tubing  cutter 

B.  Reamer 

C.  Rule 

D.  Flaring  block 

E.  Swage  punch 

F.  Ball  peen  hammer 

G.  Oxyacetylene  torch  outfit  with  tip  #51 

H.  Welding  goggles 
L  Striker 

J.  Clean  damp  towel 

K.  Copper  tubing 

L.  Sand  ctoth 

M.  Silver  solder  flux 

N.  Silver  solder 

Procedure 

A.  Cut  two  pieces  of  copper  tubing  3"  long  . 

B.  Roam  one  end  of  one  tube 

C.  Swage  the  reamed  end 

D.  Clean  tubing  and  swgge  socket  with  sand  cloth 

E.  Apply  a  thin  film  of  flux  to  tubing  and  socket 

(NOTE'  Use  a  clean  brush  to  apply  flux  with.  Do  not  use  your  fingrr. 
Wash  flux  out  of  brush  after  use.) 
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JOB  SHEET  #2 


F.  Insert  tube  into  swege  socket 

G.  Twist  tube  while  inserting  to  spread  the  flux 

H.  Place  assembled  swage  joint  in  vise  or  wood  block  (Figure  1) 

(NOTE:  If  a  visa  is  used  do  not  place  the  swage  socket  down  against  the 
jaws.  The  jaws  will  absorb  heat  and  cause  irratic  brazing  conditions.) 


FIGURE  1 


nverled  Swage  Joint 


I.     Light  the  oxyacetylene  torch 
J.     Adjust  torch  for  a  neutral  flame 
K     Heat  the  socket  and  the  tube 

L     Continuously  move  the  flame  back  and  forth  until  both  pieces  are  evenly 
heated 

M.    Watch  the  flux  for  a  heat  guide 

N.    Move  the  flame  to  the  base  of  the  socket  when  the  flux  turns  to  a  hquid 
state 

0.    Add  the  brgzing  alloy  at  the  point  the  tube  enters  the  socket 

P.     Remove  the  heat  as  soon  as  the  silver  alloy  flows  completely  around  the 
jOint 

Q.    Turn  off  torch 

R.    Clean  the  joint  with  the  damp  towel 

S.     If  flux  has  already  hardened  a  wire  brush  may  be  needed  to  remove  it 
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JOB  SHEET  #2 


T     Have  instructor  insoect 
U     Clfan  uo  area 
V     Put  away  tools 
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SILVER  BRAZING 
UNIT  III 


JOB  SHEET  #3 -SILVER  BRAZE  A  HORIZONTAL  SWAGE  JOINT 

I.  Tools  and  materials  ^ 

A.  Tubing  cutter 

B.  Reamer  ^ 

C.  Rule 

D.  Flaring  block 

E.  *^wage  punch 

F.  Ball  peen  hammer 

G.  Oxyacetylene  torch  outfit  with  tip  #51 

H.  Welding  goggles 

I.  StriKer 

J.  Clean  damp  towel 

K.  Copper  tubing 

L.  Sand  cloth 

M.  Silver  solder  flux 

N.  Silver  solder 

II.  Procedure 

A.  Cut  two  pieces  of  copper  tubing  3"  long 

B.  Ream  one  end  of  one  tube 

C.  Swage  the  reafned  end 

D.  Clean  tubing  and  swage  socket  with  sand  cloth 

E  Apply  a  thin  film  of  flux  to  tubing  and  socket 

(NOTE:  Use  a  clean  brush  to  apply  flux.  Dp  not  use  your  finger.  Wash 
flux  out  of  brush  after  use.) 

F.     Insert  the  tube  into  swage  socket 
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JOB  SHEET  #3 


G.  Twist  tube  while  inserting  to  spread  the  flux 

H.  Place  assembled  swage  joint  in  vise  or  wood  block  (Figure  1) 

(NOTE:  If  a  vise  is  used  do  not  place  the  swage  socket  down  against  the 
jaws.  The  jaws  will  absorb  heat  and  cause  irratic  brazing  conditions.) 


I.      Light  the  oxyacetylene  torch  ^^^"sNv 

♦  .  *i  ^^Vise  Jaws 

J.     Adjust  torch  for  a  neutral  flame 

K.    Heat  the  socket  and  the  tube 

L.     Continuously  move  the  flam^  back  and  forth  until  both  pi-^ces  are  evenly 
heated 

M.    Watch  the  flux  for  a  heat  guide 

N.    Move  the  flame  to  the  base  of  the  socket  when  the  flux  turns  to  a  liquid 
state 

0.    Add  the  brazing  alloy  at  the  point  the  tube  enters  the  socket 

P.     Remove  the  heat  as  soon  as  the  silver  alloy  flows  completely  around  the 
joint 

Q    Turn  off  torch 

R.    Clean  the  joint  with  the  damp  tpwel 

(NOTE:  If  Ilux  has  already  hardened,  a  wire  brush  may  be  needed  to  remove 
it.) 

S.     Have  instructor  inspect 
T.    Clean  up  area 
U.    Put  away  tools 


FIGURE  1 


r 


Swage  Joint 
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SILVER  BRAZING 
UNIT  III 


JOB  SHEET  #4-SILVER  BRAZE  A  COPPER  TO  STEEL  JOINT 

L    Tools  and  materials 

A.  Tubing  cutter 

B.  Reamer 

C.  Rule  *  ^  , 


D.  Flarmg  block 

E.  Swage  punch  , 

F.  Ball  peen  hammer 

G.  Oxyacetylene  torch^  outfit  with  tip  #5^ 

H.  Welding  gogg'es 

I.  Striker  ^ 

J.  Clean  damp  towel 

K.  Copper  tubing 

L,  Steel  tubing 

M.  Sand  cloth 

N.  Silver  solder  flux 

0.  Stivsr  solder  3Ag-1 
II.  Procedure 

A.  Cut  a  piece  of  copper  tubing  3"  long  and  a  piece  of  steel  tubing  3"  long 

B.  Ream  one  end  of  the  copper  tube 

C.  Swage  the  reamed  end 

(NOTE:  Swage  the  copper  tube  and  not  the  steel  tubing.  Steel  is  seam 
tyoe  tubing  and  it  will  split  if  you  try  to  swage  it.) 

D.  Clean  tubing  and  swage  socket  with  sand  cioth 
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JOB  SHEET  #4 

E.  Apply  a  thin  film  of  flux  to  tubing 

(NOTE:  Use  a  clean  brush  to  apply  fiux.  Do  not  use  your  fir>ger.  Wash 
tlux  out  of  brush  after  use.) 

F.  Insert  tube  into  swage  socket 

G.  Twist  tube  while  inserting  to  spread  the  flux 

H.  Place  assembled  swage  joint  in  vise  or  wood  block  (Figure  1) 

(NOTE:  If  a  vise  is  usod  do  not  place  the  swage  socket  down  against  the 
jaws.  The  jaws  will  ab;orb  heat  and  cause  irratic  brazing  conditions.) 


FIGURE  1 


Wood  Block 


) 


•Upright  Swage  Joint 


U     Light  the  oxyacetylene  torch 
J.     Adjust  torch  for  a  neutral  flame 
K.    Heat  the  socket 

(NOTE:  The  heat  should  be  applied  to  the  copper  swage  socket  and  not 
to  the  steel  tubing.  Steel  tubing  will  overheat  before  the  copper  tubing 
IS  hot  enough  to  melt  the  silver  alloy.) 

L.    Continuously  move  the  flame  back  and  forth  until  both  pieces  are  evenly 
heated 

M.    Watch  the  flux  for  a  heat  guide 

N.    Move  the  flame  to  the  base  of  the  socket  when  the  flux  turns  to  a  liquid 
state 

0.    Add  the  brazing  alloy  at  the  point  the  tube  enters  the  socket 
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JOB  SHEET  #4 


P.     Remove  the  heat  as  soon  as  the  silver  alloy  flows  completely  around  the 
joint 

Q.    Turn  off  torch 

R.    Clean  the  joint  with  the  damp  towel 

(NOTE:  If  flux  has  already  hardened  a  wire  brush  may  be  needed  to  remove 
it.) 

S.     Have  instructor  inspect 
T.    Clean  up  ^rea 
U.    f^'ut  av/ay  tools 
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SILVER  BRAZING 
UNIT  III 


JOB  SHEET  #5-SILVER  BRAZE  A  JOINT- WHILE 
CIRCULATING  DRY  NITROGEN 


I.  Tools  and  materials 

A.  Tubing  cutter 
B  Reamer 

C.  Rule 

D.  Flaring  block 

E.  Swage  punch 

F.  Ball  peen  hammer 

G.  Oxyacetylene  torch  outfit  with  tip  #51 

9 

H.  Welding  goggles 

I.  Striker 

J.  Clean  damp  towel 

K.  Dry  nitrogen  cylinder  with  regulator 

L.  Copper  tubing 

M.  Sand  cloth 

N  Silver  solder  flux 

0.  Silver  solder  BCuP-B 

II.  Procedure 

A:  Cut  two  pieces  of  copper  tubing  3"  long 

B.  Ream  one  end  of  one  tube 

C.  Swage  the  reamed  end- 

D.  Clean  tubing  and  swage  socket  with  Sund  cloth 

E.  Insert  tube  into  swage  socket 
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JOB  SHEET  #5 


F.  Place  assembled  swage  joint  in  vise  or  wood  block 

(NOTE:  If  a  vise  is  used  do  not  place  the  swage  socket  down  against  the 
jaws.  The  jaws  will  absorb  heat  and  cause  irratic  brazing  jgopHitions.)  - 

G.  Attach  nitrogen  cylinder  to  tubing  to  be  brazed  (Figure  1) 

(NOTE:  A  damp  towel  may  need  to  be  wrapped  around  the  hose  where 
it  connects  onto  the  tubing  to  prevent  damage  to  it  from  conducted  heat.) 


Line 
Pressure  Gauge 


Cylinder 
Pressure  Gauge 


FIGURE  1 


'  Tubing  Being  Brazed 
Swage  Joint 


Large  Slip-On  Insulator 
(Test  Lead)  |]  Service 


Cylinder  of 
Nitrogen 


Pressure  Relief  Valv»; 


H.  Set  nitrogen  regulator  at  2  p.s.i.g.  and  circulate  nitrogen  through  the  tubirtg 
while  brazing 

(NOTE:  If  the  use  of  the  nitrogen  cylinder  has  not  been  explained  prior 
to  this  ask  the  instructor  for  assistance.) 

I.  Light  the  oxyacetylene  torch 

J.     Adjust  torch  for  a  neutral  flame 

K.    Heat  the  socket  and  thd  tube  '  ' 

L.    Continuously  move  the  flame  back  and  forth  until  both  pieces  are  evenly 
heated 

M.    Add  the  brazing  alloy  at  the  point  the  tube  enters  the  socket 


Rir 
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JOB  SHEET  #5 


N.    Remove  the  heat  as  soon  as  the  silver  alloy  flows  completely  around  the 
joint 

0,    Turn  off  torch 

< 

P.     Close  nitrogen  cylinder  valve 

Q.    Remove  nitrogen  hose  from  tubing 

R.    Allow  tubing  to  cool 

S.     Cut  tubing  and  tubing  from  Job  Sh  n  #3  at  a  diagonal  (Figure  2) 
FIGURE  2  ' 


I  \ 
'  V 


T.    Compare  the  amount  of  oxidation  formed  in  the  tube  from  Job  Sheet  #3 
as  compared  to  the  one  brazed  with  the  nitrogen  being  circulated 

U.    Have  the  instructor  inspect 

V.    Clean  up  area 

W.    Put  away  tools 
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SILVER  BRAZING 
UNIT  III 

JOB  SHEET  #6--SILVER  BRAZE  THE  COPPER  TUBING  PROJECT 

* 

I.  Tools  and  materials 

A.  Oxyacetylene  torch 

B.  Welding  goggles 

C.  Striker 

D.  Clean  darhp  towel 

E.  Tubing  project  from  Tubing  Operations  unit.  Job  Sheet  #9 

F.  S^lnd  cloth 

G.  Silver  solder  fiux 

H.  Silver  solder  BAg-1  and  BCuP-5 

II.  Procedure^ 

A.  Use  BAg-1  solder  on  all  tee  joints  - 

B.  Clean  tee  joints 

C.  Flux  the  tee  joints 

D.  Assemble  the  tubing  project 

E.  Place  tubing  project  in  vise 

F.  Light  the  oxyacetylene  torch 

G.  Adjust  the  torch  for  a  neutral  flame 

H.  Heat  the  tee  and  the  tubing 

I.  Continuously  move  the  flame  back  and  forth  until  the  tee  and  the  tubing 
are  evenly  heated 

J.     Watch  the  flux  for  a  heat  guide 

K.    Move  the  flame  to  the  tee  when  the  flux  turns  to  a  liquid  state 

L.    Add  the  brazina  allov  IBAq-1)  at  the  point  where  the  tube  enters  the  tee 
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JOB  SHEET  #6 

M.  Move  quickly  and  braze  all  three  points  slmulta-ieously 

(NOTE**  Too  much  delay  will  cause  the  tee  to  overheat. 

N.  Sliver  braze  the  other  tee  jefnt 

0.  Braze  the  other  joints  with  BCuP-5  (Sil-phos) 

P.  Turn  off  the  torch 

Q.  Remove  the  flux  residue  from  the  tee  joints 

R.  Allow  tubing  to  cool 

S  Install  1/4"  flare  unions  in  the  flare  nuts 

T.  Pressurize  to  50  p.s.i.g.  and  check  for  leaks 

U.  Have  the  instructor  inspect 

V.  Clean  up  area 

W.  Put  away  tools 
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SILVER  BRAZING 
UNIT  III 


TEST 


1.       Match  the  terms  on  the  right  to  the  correct  definitions. 


_a. 

Designates  the  silver  brazing  alloy  which 

1, 

^Iloy 

contains  5^'  silver  and  the  AWS  number 

is  BCuP-3 

2. 

Phos-copper 

b. 

Designates  the  silver  brazing  alloy  which 

3. 

Silver  brazing 

contains  1 5%  silver  and  the  AWS  number 

is  BCuP-5 

4. 

Trey  ounce 

c. 

Substance  made  of  two  or  more  metals 

5, 

Silver  solder 

d. 

Alloy  which  is  added  to  silver  solder  and 

6, 

Silver  solder 

creates  toxic  fumes  when  it  is  melted 

flux 

e. 

Number   assigned   by   the  American 

7. 

AWS  number 

Welding  Society  to  all  welding  materials 

in  order  to  provide  uniformity  between 

8. 

Cadmium  , 

the  different  brands 

9. 

Sil-phos 

J.  Process  of  joining  two  metals  together 
with  silver  alloy  which  melts  in  the 
nOO'F  to  IBr^O-'F  range 

g.  Designates  a  brazing  alloy  that  contains 
some  stiver 


_h.  White  borax  paste  applied  to  the  tubjng 
prior  to  silver  brazing  to  prevent 
oxidation  and  to  aid  in  the  flowing  of 
tne  silver  alloy 

J.  Unit  of  weight  based  on  a  pound  being 
twelve  ounces 
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,  2.       Discuss  the  types  of  silver  brazing  alloys, 
a.     AWS  number  BAg-1 


b.    AWS  number  BCuP-5 


c.     AWS  number  BCuP-3 


3.       Discuss  silver  solder  flux. 
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List  the  characteristics  of  the  flux  at  different  temperature  ranges. 

a.  200'F  to  SOOTf- 

b.  600'F  to  800'F" 

c.  1100'F- 

d.  leOO^'F  and  above- 

Arrange  in  order  the  following  steps  in  using  the  air-acetylene  high  temperature 
wraparound  tip  for  silver  brazing  by  placing  the  correct  sequence  number  iri 
the  appropriate  blank. 

 ^a.  Immediately  upon  ignition  open  torch  handle  valve  all  the  way 

 b.  Plac;  tip  in  torch  handle 


_c.  Open  acetylene  cylinder  valve  half  a  turn 

_d.  Open  torch  handle  valve 

^e.  ignite  flame 

f.  Hold  torch  so  ,that  inner  blue  flame  wraps  around  the  joint 


6.       Demonstrate  the  ability  to: 

a.  Silver  braze  an  upright  swage  joint. 

b.  Silver  braze  an  inverted  swage  joint. 
C/    Silver  braze  a  horizontal  swage  joint. 

d.  Silver  braze  a  copper  to  steel  joint. 

e.  Silver  braze  a  joint  while  circulating  dry  nitrogen, 
f-     Silver  braze  the  copper  tubing  project. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 


SiLVER  BRAZING 
UNIT  III 


ANSWERS  TO  TEST 

A.   1 2  f.  3 

b.  9  g.  5 

c.  1  h.  6 

d.  8  i.  4 

e.  7 

Discussion  should  include:  ,^ 

a.  AWS  number  BAg-1 

■  1)  Alloys 

a)  45%  silver 

b)  15%  copper 

c)  16%  zinc 

d)  24%  cadmium 
2)  Characteristics 

a)  Melts  at  1125°F 

b)  Flows  at  1145°F 

c)  Excellent  for  steel  to  copper  joints 

b.  AWS  number  BCuP-5 

1)  Alloys 

a)  15%  silver 

b)  80%  copper 

c)  5%  phosphorus 

■  2)  Characteristics 

'  a)     Melts  at  1185°F 

b)  Flows  at  1300°F 

c)  Most  popular  for  copper  to  copper  joints 
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c      AWS  number  BCuP-3 

1)  Alloys 

a)  5%  Sliver 

b)  89%  copper 

c)  6%  phosphorus 

2)  Characteristics 

a)  Melts  at  1185'F 

b)  Flows  at  1300'F 
Discussion  should  include: 

a.  White  borax  paste 

b      Apply  thin  film  to  tubing  after  cleaning 

c.  Clean  off  immediately  after  brazing 

d      Don't  allow  the  paste  to  harden  In  the  jar 
e.     Apply  flux  with  a  clean  brush 

f  Flux  protects  the  joint  from  oxidation  during  the  brazing  process 
d      Water  boils  out  of  flux  r 

Flu  .   ^mI;  bubble  "  "  - 

.c      Fiu^  turns  to  a  clear  liquid 

d.  F'ux  Will  burn  and  no  longer  protect  the  joint 
a  5 

b.  1 
c  2 

d      3  , 

e.  4 

f.  6 

PerforjDance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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ALUMINUM  SOLDERING 
UNIT  IV 


UNIT  OBJECTIVE 


Aft^r  completion  of  this  unit,  the  student  should  be  able  to  natch  terms  associated  with 
aluilhinum  soldering  to  the  correct  definitions  and  list  the  types  of  torches  and  the  steps 
for  using  the  aluminum  brazing  rod  and  aluminum  soft  solder.  The  student  should  also 
be  able  to  select  from  a  group  the  proper  flame  to  use  when  aluminum  soldering.  This 
knowledge  will  be  evidenced  through  demonstration  and  by  scoring  eighty-five  percent 
on  the  unit  test. 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  aluminum  soldering  to  the  correct  definitions. 

2.  '  List  three  torches  used  in  the  field  for  aluminum  soldering. 
3!       Select  the  proper  flame  to  use  when  soldering  aluminum. 


SPECIFIC  OBJECTIVES 


4. 


List  eight  steps  for  using  the  a'uminum  brazing  rod. 


5. 


List  nine  steps  for  using  aluminum  soft  sdlder. 


6. 


Demonstrate  the  ability  to: 


a 


Solder  aluminum  tubing. 


b 


Soldor  aluminum  tubing  to  copper  tubing. 


c 


Aluminum  braze  a  hole  in  aluminum  tubing. 
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ALUMINUM  SOLDERING 
UNIT  IV 

SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

.    B.    Provide  student  with  information  and  job  sheets. 

C.  Make  transparency. 

D.  Discuss  unit  and  specific  objectivec. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Demonstrate  proper  torch  flame  adjustment. 

H.  Install  fittings  on  some  old  aluminum  evaporators  so  they  can  be  pressurized 
after  they  are  soldered. 

I.  Give  test. 

II.  Student: 

'  A.    Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  }ob  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  m  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  master:  TM  1  -Soft  Reducing  Flame  '* 
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0.    Job  sheets 

1.  Job  Sheet  #1--Soider  Aluminum  Tubing 

2.  Job  Sheet  #2--Solder  Aluminum  Tubing  to  Copper  Tubing 

3.  Job  She^t  #3 -Aluminum  Braze  a  Hole  in  Aluminum  Tubing 

E.  Test 

F.  Answers  to  test 
IL  References: 

A.  Field  Repair  of  Aluminum  Refrigeration  Coils.  Des  Plaines,  Illinois:  The 
Aluminum  Association,  1972. 

,« 

B.  Brazing  and  Soldering  Manual,  Form  No.  22565.  White  Plains,  New  York: 
All-State  Welding  Alloys  Co.,  Inc.,  1964. 
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ALUMINUM  SOLDERING 
UN^T  IV 

INFORMAFIOrj  SHEET 

.  I.    Terms  and  definitions 

A.     Alunmnum-  Bluish-white  metal  that  is  soft  and  easy  to  form  mto  shapes; 
It  has  a  high  conductivity  rate  and  is  the  earth's  most  plentiful  metal 

B     Anodize-To  coat  metal  with  a  protective  coating 

C.     Aluminum  brazing -Procedure  for  repairing  aluminum  using  an  aluminum 
alloy  rod  which  melts  at  a  temperature  around  1050°F 

D     Aluminum  soldering-Procedure  for  repairing  aluminum  using  a  soft  wire 
solder  which  melts  at  a  temoerature  around  500°F 

E      Aluminum  soldering  flux-  Mildly  corrosive  chemical  which  is  different  for 
each  type  of  aluminum  soldering  or  brazing 

II.  Torches -used  in  the  field  for  aluminum  soldering  ' 

A.  Air-propane 

B.  Air-acetylene  , 

C.  Oxyacetylene 

III.  Proper  flame  to  use  when  soldering  aluminum  (Transparency  1) 
A.    Soft  reducing  flame 

B     Sliqht  excess  of  acetylene 
C     Medium  length  pointed  inner  cone 
D      Light  blue  outer  envelope 
IV     Steps  for  using  aluminum  brazinq  rod 
A     Clean  surface 

(NOTE    If  the  aluminum  is  anodized,  the  anodizing  must  be  removed.) 
B      Warm  the  rod  end 
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INFORMATION  SHEET  ^  ^ 


Ov    Dip  warmed  end  inio  flux 

D.  /v.  Melt  flux  off  of  rod  onto  join^  or  area  to  be  brazed 

E.  Keep  torch  in  nnotion  and  heat  rapidly  until  flux  turns  liquid 

F.  Melt  rod  onto  the  aluminum  while  keeping  the  flame  on  the  fluxed  area 

G.  Allow  the  solder  to  cool 

H.  Remove  flux  residue  with  warm  water  and  a  clean  cloth 

(NOTE:  When  workmgon  a  refrigeration  system  have  pressure  on  the  system 
while  cleaning  the  repaired  area.  This  will  prevent  water  from  entering  the 
system  if  a  leak  still  exists) 

Steps  for  using  aluminum  soft  solder 

(NOTE:  Aluminum  soft  solder  is  generally  used  when  joining  two  pieces  of 
alummum  tubing  or  when  joining  aluminum  to  copper  tubing.) 

A.    C'ean  the  tubing 

B     Apply  a  small  amount  of  flux  to  joint  area 

(NOTE    This  type  of  flux  will  generally  be  liquid.) 
C     Dip  pnd  ot  soldef  m  flux 

D.    Apply  heat  above  and  below  joint  constantly  finoving  the  torch  back  and 
forth 

E      Do  not  apply  flame  directly  to  the  flux 

F,     Continue  to  dip  the  solder  in  the  flux  while  applying  it  to  the  joint 
G     Continue  to  move  the  torch  during  the  entire  process 

(NOTE  If  the  flux  burns,  stop,  disassemble  joint,  clean,  and  start  over) 
H.    Allow  joint  to  cool 

I       Remove  flux  residue  with  hot  water  and  clean  cloth 


Soft  Reducing  Flame 


Medium  Length 
Inner  Cone 


Light  Blue  Outer  Envelope 
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ALUMINUM  SOLDERING 
UNIT  IV 

JOB  SHEET  #1--S0LDER  ALUMINUM  TUBING 
Tools  and  materials 


A. 

Air-p'-opane  torch 

8. 

Air-acetylene  torch 

C. 

Oxyacetylene  torch 

D. 

Tubing  cutter 

E. 

t 

Reamer 

F. 

Flaring  block 

G. 

Swage  punch 

H. 

Ball  peen  hammer 

1. 

Colored  safety  glasses 

J. 

Aluminum  tubing 

K. 

Sand  cloth  ^ 

L. 

Aluminum  soft  soldier 

M. 

Flux 

N.' 

Clean  towel 

0. 

Hacksaw 

Procedure 

A.  Cut  two  piece?  of  aluminum  tubing  3"  long 

B.  Ream  one  end  of  one  piece  . 

(NOTE:  Be  careful  not  to  over-ream  and  make  the  tubing  wall  too  thin.) 

C.  Place  the  reamed  piece  of  tubing  in  the  flaring  block 

D.  Swage  the  niece  of  tubing  I 

E.  Remove  the  tubing  from  the  flaring  block 
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JOB  SHEET  #1  V 

I 

F.  Clean  the  swage  socket 

G.  Clean  one  end  of  the  piece  of  tubing 

H.  Apply  a  small  amount  of  flux  to  the  tubing  end  that  will  be  inserted  into 
the  'Swage 

I.  Insert  tubing  intc^  swage  socket 

J.     T.wist  tubing  while  inserting  to  aid  in  the  even  spreading  of  the  flux 

K.    Place  assembled  tubing  in  a  holding  device  * 

(NOTE:  Since  hpat  is  very  critical  when  working  with  aluminum,  a  wood 
block  makes  an  excellent  holding  device.)  ^ 

<) 

L.    Light  the  torch 

M.    Adjust  for  a  soft  reducing  flame  ^  . 

N.-    Dip  one  end  of  solder  into  flux 

0.    Apply  heat'above  and  below  joint  constantly  moving  the  torch  back  arrd 
forth  '     *  . 

'(CAUTION:  Do  not  ^piDly  flame  directly  to  the  flux.  Fumes  that  w.ll  be 
emitted  from  the  flux  should  not  be  inhaled.) 

f^.  Continue  to  touch  the  polder  to  the  joint  until  it  flows  around  the  joint 

Q.  Dip  the  solder  in  the  flu)(  every  so  often  during  the  soldering  process 

R.  Continue  to  qiove  the  torch  from  above  the  swaga  joint  to  below  it 

S.  Remove  heat  when  solder  haS  flowed  all  the  way  around  the  joint 

T.  Turn  off  torch 

U.  Allow  joint  to  cool  for  moment 

V.  Remove  flux  residue  with  hot  water  and  a  clean  towel 

W.  Have  instructor  inspect  ' 
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JOB  SHEET  #1 

I*- 

X     Cut  swage  joint  at  a  diagcal  with  a  hacksaw  (Figure  1) 


■        ♦  ■   ■  W 

%.     FIGURE  1  j  '  I 


1 


\ 

Y.    Have  instructor  inspect  the  cut  joint  , 

Z.     Clear  area  and  put  away  too's  if  this  is  the  last  soldermg  project  of  the 
dav 
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ALUMINUM  SOLDERING 
UNIT  IV 


JOB  SHEET  #2"S0LDER,AmMINUM  TUBING 
TO  COPPER  TUBTN113N. 


I.    Tools  and  materials 
A.    Air  propane  torch 
B     Air-acetylene  torch 
C     Oxyacetylene  torch 
D.    Tubing  fitter 


E. 
F. 
G 


Reamer 


Fidring^bloCfv 
Swage  punch 


H  Ball  peen  hammer 

'  Colored  safety  glasses 

J.  Aluminum  tubing 

K.  Copper  tubing 

L.  Sand  clott; 

IVk  Ml;.jminum  brazmg  rod 

N  Flux 

0.  Clean  damp  towel 

P.  Hacksaw  v 
Procedure 

A.  Cut  d  piece  of  aluminum  tubing  3"  long 

B  Cul  a  ptece  of  copper  tubing  3"  lone, 

C.  Ream  one  end  of  the  cooper  tubing 

D  Place  the  copper  tubing  in  the  flaring  block 

E  Swage  the  reamed  end 

F.  Remove  tubing  from  the  flaring  block 
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JOB  SHEET  #2 

G.    Clean  the  swage  socket 

H     Clean  one  end  of  the  aluminum  tubing 

I      Apply  a  small  amount  of  flux  to  the  alummum  tubing 

J.     Insert  tubing  into  swage  socket 

K.    Twist  tubing  while  inserting  to  aid  in  th^  even  spreading  of  the  flux 

L.     Piace  assembled  tubing  in  a  holding  device 

M.    Light  the  torch 

N     Adjust  for  a  soft  reducing  flame 

0.    Dip  one  en^  of  solder  into  flux 

X 

P     Apply  heat  above  and  below  joint  constantly  moving  the  torch  back  and 
forih 

(CAUTION:  Do  not  app^ly  flame  directly  to  the  .flux.  Fumes  that  will  be 
emitted  ^"^om  the  flux  s'hould  not  be  inhaled.) 

G     Continue  to  touch  the  solder  to  the  joint  until  it  flows 

V 

R     Keep  the  flame  on  the  c*^  .per  swage  socket  when  the  solder  begins  to  flow 

S      Remove  the  heat  when  the  solder  tias  flowed  alt  the  way  around  the  joint 

T.     Turn  off  torch 

U.    Allow  solder  to  cool 

V     Clear,  the  joinl  with  a  clean  damp  towel 

W     Have  instructor  inspect 

X     Cut  swaqe  jont  at  a  diagonal  with  a  hacksaw  (Figure  1) 

FIGURb  1 
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JOB  SHEET  #2 


Y.     Have  instructor  inspect  the  cut  joini 


Z.     Clean  area  and  put  away  tools  if  this  is  the  last  soldering  project  of  the 
day 
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ALUMINUM  SOLDERING 
UNIT  IV 

JOB  SHEET  #3--ALUMINUM  BRAZE  A  HOLE 
IN  ALUMINUM  TUBING 


Tools  and  materials 


A. 

> 

Air-acetylene  torch  / 

8. 

Oxyaf  tylene  torch 

C. 

Tubing  cutter 

D. 

Scratch  awl 

E. 

Alunninunn  tubing  or  scrap  alunninunn  heat  exchanger 

F. 

Sand  cloth 

G. 

Alunninunn  brazing  rod 

H. 

Flux 

Procedure 

A,  Punch  a  hole  with  a  scratch  awl  in  tlie  alunninunn  piece  to  be  brazed 

B.  Clean  the  surface  ^ 

(NOTE-  If  an  alunninunn  heat  exchanger  is  being  brazed,  tilt  it  slightly  so 
that  any  traces  of  oil  in  it  will  not  collect  at  the  heat  area.) 

C  Warnn  ore  end  of  the  brazing  rod 

D,  Dip  warnned  end  into  the  flux 

E.  Melt  flux  off  of  rod  onto  area  lo  be  brazed 

F.  Keep  torch  m  nnotion  and  heat  rapidly  until  flux  turns  liquid 

G,  Melt  rod  onto  the  aluminum  while  keeping  the  flanne  on  the  fluxed  area 
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JOB  SHEET  ^3 

H     Scratch  the  area  with  the  rod  as  the  solder  begins  to  melt  (Figure 


FIGURE  1 


I.  Keep  the  torch  in  motion  until  the  entire  area  to  be  repaired  is  covered 
J.'    Allow  the  solder  to  cool 

K,     Remove  the  flux  residue  with  warm  water  and  a  clean  cloth 

(NOTE:  If  a  heat  exchanger  was  used  for  the  project,  it  might  be  necessary 
to  pressurize  it  and  check  for  leaks.) 

L.     fiave  the  instructor  inspect 

M.    C^ean  area  and  put  away  tools 
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ALUMINUM  SOLDERING 
UNIT  IV 


TEST 


Match  the  terms  on  the  right  to  the  correct  definitions. 

 a.  Bluish-white  metal  that  is  soft  and  easy  1. 

to  form  into  shapes;  it  has  a  high 
conductivity  rate  and  is  the  earth's  most  2, 
plentiful  metal 


_b.  .  rocedure  for  repairing  aluminum  using 
a  soft  wire  solder  which  melts  at  a 
temperature  around  BOOT 

c.  Mildly  corrosive  chemical  which  is 
different  for  each  type  of  aluminum 
soldering  or  brazing 

_d.  To  coat  metal  with  a  protective  coating 


3. 
4. 

5, 


Anodize 

/Aluminum 
brazing 

Aluminum 

Aluminum 
soldering 

Aluminum 

soldering 

flux 


 ^e.  Procedure  for  repairing  aluminum  using 

an  aluminum  alloy  rod  which  melts  at 
a  temperature  around  lOBO^'F 

List  three  torches  used  in  the  field  for  aluminum  soldering. 

a. 

b. 

c. 

Select  the  proper  flame  to  use  vyhen  soldering  aluminum  by  f.  ing  an  "X" 
in  the  appropriate  blank. 

Strong 

 ^'  Reducing 

Flame 


b. 


Soft 

Reducing 
Flame 


c. 


Neutral 
Flame 


0^'idizing  iT^;^ 
Flame  ^ — ---'^^^^ 
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4.  List  eight  steps  for  using  the  aluminum  brazing  rod. 
a. 
b. 
c. 
d. 
e. 
f. 

g- 
h. 

5.  List  nine  steps  forAising  aluminum  soft  solder, 
a. 

b. 
c. 
d. 
e. 
f. 
g. 

h. 

I. 

6.  Demonstrate  the  ability  to: 

a.  Solder  aluminum  tubing. 

b.  Solder  aluminum  tubing  to  copper  tubing. 

c.  Aluminum  braze  a  hole  in  aluminum  tubing. 

(NOTE  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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ALUMINUM  SOLDERING 
UNIT  IV 

ANSWERS  TO  TEST 

1.  a.  3 

b.  4 

c.  5 

d.  1 

-      e.  2  ^ 

2.  a.  Air-propane 

b.  Air-acetylene 

c.  Oxyacetylene 

3.  b 

4.  a.  Clean  surface 

b.  Warm  the  rod  end 

c.  Dip  warmed  end  into  flux 

d.  Melt  flux  off  of  rod  onto  joint  or  area  to  be  brazed 

e.  Keep  torch  in  motion  and  heat  rapidly  until  flux  turns  liquid 

f.  Melt  rod  onto  the  aluminum  while  keeping  the  flame  on  the  fluxed  area 

g.  Allow  the  solder  to  cool 

h.  Remove  flux  residue  with  warm  water  and  a  clean  cloth 

5.  a.  Clean  the  tubing 

b.  Apply  a  small  amount  of  flux  to  joint  area 

c.  Dip  end  of  solder  in  flux 

d.  Apply  Mat  abos/e  and  below  joint  constantly  moving  the  torch  back  and 
forth 

e:     Do  not  apply  flame  directly  to  the  flux 
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f.  Continue  to  dip  the  solder  in  the  flux  while  applying  it  to  the  joint 

g.  Continue  to  move  the  torch  during  the  entire  process 

h.  Allow  joint  to  cool 

i.  Remove  flux  residue  with  hot  water  and  clean  cloth 

6.       Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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OXYACETYLENE  CUTTING,  WELDING,  AND  BRAZING 

UNIT  V 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  light,  adjust,  and  turn  off 
an  oxyacetylene  cutting  outfit.  He  should  also  be  able  to  make  ninety  degree  cuts  and 
cut  holes  in  mild  steel.  In  addition,  he  should  be  able  to  select  the  proper  size  welding 
tip  and  to  choose  the  correct  filler  rod.  He  ^should  be  able  to  demonstrate  the  ability 
to  do  fusion  welding  with  or  without  .filler  rod.  He  should  be  able  to  list  the  advantages 
and  disadvantages  of  brazing.  He  should  be  able  to  demonstrate  the  ability  to  apply  flux 
to  a  filler  rod  and  construct  a  butt  weld  using  the  ^»^i»ig  process.  This  knowledge  will 
be  evidenced  through  demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  ^    Match  terms  associated  with  oxyacetylene  cutting,  welding,  and  brazing  to 

the  correct  definitions. 

2.  Identify  the  parts  of  a  cutting  torch. 

3.  List  reasons  for  poor  cuts. 

4.  List  causes  of  a  backfire. 

5.  Describe  the  results  of  a  backfire. 

6.  Describe  the  results  of  a  flashback. 

7.  L.St  in  the  proper  order  the  steps  to  follow  in  case  of  a  flashback. 

8.  Name  five  factors  that  determine  fusion  weld  quality. 

9.  List  five  properties  of  a  good  weld. 

V 

10.  r>iame  two  factors  that  determine  tip  size  selection  in  oxyacetylene  fusion 
welding. 

11.  List  two  factors  that  determine  the  filler  rod  selection  in  oxyacetylene 
fusion  welding. 

12        State  the  purpose  of  the  filler  rod. 

13.  Identify  three  types  of  oxyacetylene  fusion  weldmg  flames. 

14.  Discuss  the  advantages  of  braze  welding. 
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15.  Discuss  the  disadvantages  of  braze  welding. 

16.  Discuss  the  characteristics  of  the  elements  found  in  the  filler  rods  used 
in  braze  welding. 

17.  List  two  reasons  for  having  a  chennlcally  clean  nnetal  surface  in  braze 
welding. 

18.  Name  two  methods  for  removing  oxides  from  a  clean  metal  surface. 

19.  Name  purposes  of  flux. 

20.  Name  the  color  of  the  base  metal  when  the  proper  temperature  is  obtained 
in  braze  welding. 

21.  Describe  the  reaction  of  the  molte^bronze  at  different  base  metal 
temperatures, 

22.  Select  from  a  list  the  proper  tip  size,  acetylene  pressure,  and  oxygen  pressure 
for  a  given  metal  thickness. 

23.  State  an  acceptable  lens  shade  number  for  oxyacetylene  welding. 

24.  Demonstrate  the  ability  to: 

a.  Set  up  equipment  for  oxyacetylene  cutting. 

b.  Turn  on,  light,  adjust  to  a  neutral  flame,  and  turn  off  the  oxyacetylene 
cutting  equipment. 

c.  Make  ninety  degree  cuts  on  mild  steel  and  restart  a  cut.  ' 
d      Cut  ^a  hole  in  mild  steel. 

e.  Lay  beads  on  gauge  metal  without  filler  rod. 

f  Lay  beads  on  gauge  m^tal  with  filler  rod. 

g.  Weld  butt  joints  with  filler  rod. 

h.  Braze  weld  a  square  groove  butt  joint 
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OXYACETYLENE  CUTTING,  WELDING,  AND  BRAZING 

UNIT  V 


SUGGESTED  ACTIVITIES 


Instructor; 
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A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Give  test. 
II.  ^^eat: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheets.  '  , 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit. 

tK^  Objective  sheet  ^ 

B.  Information  sheet 

C.  Transparency  masters 

1.       TM  1  "Parts  of  a  Torch  Body  and  Cutting  /.:tachment 
2        TM  2-Oxyacetylene  Fus4on  Welding  Flames 

D.  Job  sheets 

1.       Job  Sheet  #1-Set  Up  EquipmeiU  for  Oxyacetylene  Cutting 
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2.  Job  Sheet  #2-Turn  On,  Light,  Adjust  to  a  Neutral  Flame,  and 
Turn  Off  the  Oxyacetylene  Cutting  Equipment 

3.  Job  Sheet  #3-<Make  Ninety  Degree  Cuts  on  Mild  Steel  and  Restart 
a  Cut 

4.  Job  Sheet  #4--Cut  a  Hole  in  Mild  S'eel 

5.  Job  Sheet  #5--Lay  Beads  on  Gauge  Metal  Without  Filler  Rod 

6.  Job  Sheet  #6-Lay  Beads  on  GaOge  Metgl  With  Filler  Rod 

7.  Job  Sheet  #7  -Weld  Butt  Joints  With  Filler  Rod 

8.  Job  Sheet  #8-Braze  Weld  a  Square  Groove  Butt  Joint 

E.  Test 

F.  Answers  to  test 
References: 

A.     The  Oxy-Acetylene  Handbook.  New  York,  New  York:  Union  Carbide 
Corporation/Linde  Division,  1960. 

.B.     Welding  Curriculum.  Stillwater,  Oklahoma:  State  Departnnent  of  Vocational 
and  Techntcal  Education,  1974^ 
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OXYACETYLENE  CUTTING,  WELDING,  AND  BRAZING 

UNiT  V 


INFORMATION  SHEET 

^1.    Terms  and  definitions 

A.     ..dv       •  -Momentary  burning  back  of  the  flame  into  the  tip 

B  Flame  -utting -Process  by  which  irc  or  steel  is  heated  to  a  temperature 
wnere  it  can  be  rapidly  oxidized  by  high  purity  oxvn^n  flowing  under 
pressure  through  a  cut+ing  torch 

(NOTE'  As  the  metal  is  oxidized,  the  preheat  flame  maintains  the 
tempc.dture  nec  '^"ary  to  keep  the  oxidation  process  going  in  a  narrow  zone 
across  the  length  of  the  base  metal.) 

,C     Slag  box- Metal  container  with  a  layer  of  water  or  sand  to  udtch  hot  slag 

D  Drag  line--Refers  to  the  situation  .  )  which  the  most  (jistant  portion  of  ^he 
cutting  stream  lags  beh:  id  the  stream  nearest  the  cutting  tip 

E  Kerf--Area  where  the  metal  was  removed  m  the  form  of  an  oxide  during 
the  cutting  process 

F      Oxide  Term  usually  applied  to  rust,  corrosion,  coating,  film,  or  scale 
(NOTE    Oxygon  combines  with  the  metal  causing  oxides  ) 

G      Oxidj^ing-Comnining  oxygen  wi^ii  another  substance 

E\^m[)ie         A  r^'^tv\  is  oxidized  wiv^n  the  metal  ^^  cut 

t^  Fus'on  welding-  Joinifig  (}iecf-'S  of  metal  by  tieatmg  tiie  ddioin'ng  edg3S  lo 
the  fusion  or  melting  point  and  dllOvVinc;  them  to  flow  or  run  logeli^er 
an:l  then  cool 

Pei^etrdtion  Distance  from  the  onqinal  surface  of  the  base  r^.etdl  tc  the 
joi.U  at  wh.ch  kision  ceases 

J      C)dse  metal  Metal  being  welded 

K      Inner  cnne  Innei  whit^  part  of  the  neutrdi  fldfiK^ 

L      Tack  weld  Short    veki  used  for  thMfipui ar  ily  holding  nuitf^ridl  m  place 

M  Btri/e  welciifU]  HfMting  the  base  rnetal  t  a  ciull  red  color  and  deporting 
.j  head  over  flic  seam  (j  )int)  with  d  l)ron/t^  filler  rod,  the  base  metal  is 
r  ot  melt^^d 
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INFORMATION  SHEET 

N      MdilOcibihty  Property    ot    mctdlb    which    allows   them    to   be'  bent  or 
[icrmdnent'v  distorted  witnout  rupture,  Of^f^ositt  of  brittleness 

0     Ductile  -Torfn  describing  metal  which  is  capable  of  being  drawn  or  streich.ed 
out 

P      TinntiKi  uf)erdTi jiv-Melting  a  small  ainoum  of  bronze  rod  onto  tiie  surface 
cind  ailovviny  it  to  spread  alonij  the  entire  seam  (joint) 

(NOTE    ii  IS  this  flow  of  tfnn  filnV  of  bjonze  which  is  known  as  tinning.) 

Q     Flux- Chemicdi  u'^^^d  lo  clean  metals  and  to  promote  fusion  during  the 
vveict.fnj  piucess 

(NOTE    Do  not  conf  se  this  type  of  flux  with  silver  brazmg  flux.) 

R     Puddle -Tridt  f)ort!on  of  a  weld  that  is  molten  at  the  fJace  the  heat  is 
suppiteci 

Pjrts  .m'  a  tutting    rwch  (Transparencv  1) 
A     O^y^jtM  fit'.iiH{ 
B      A(  t'tyif  nf^  fitttfu] 

D      A  rt  /irfr^  tore  I"  valve 

r  Oxygen  cu^rifig  u^frir 

(:  Ovyqei'  orelud^  ^^'a'vv' 

H  fip 

1  '-Itf)  m  t  }[) 

1  Pu^»>;\il  )'>*Ke  H-d^.s  tij  kindhng  point  (cherry  red)  of  dpproxnn^jiely 

K      C.ittinrj  ,ut^/f'  Hmp.;v^*s  cj>  idi/erl  ,,iPtoi 

>\0\[     ri,(  'iui^  o*  tin*  c(;rr(^ct  ti[)  for  the  job  is  dot':n'nined  l^v  tiie 

,  .      cm},     \i:  of  J     fwilirfi^,^  cjnd  die  OKyg^M^.  riittini]  pft.'S-,u  es 


r  o  i 


ACR  I  -  149-E 


informa  tion  sheet 


RedSudb  fur  t)U()r  cuts 

(NOTE  Tins  IS  a  coirectly  n^ddi'  cut  in  1  inch  plate,  the  odqe  is  square  and 
the  dr.ighnes  'jre  ebSenttaHy  ^(»rtfcji  cind  not  too  pronounced  ) 

ExoHiplo 


A     Preheat  flames  vvetn  too  small  causing  cutting  speed  tj  be  too  slow 
{\10TE    Tfiis  results  m  bad  gouging  at  the  bottom.) 

E^  jnif)!e 


B      Prohcv.t  fijrnob  t<^u 

(\Orb  Ttic'  f^'Mi'T  IS  Tftjt  the  lop  surface  has  fiiehed  over,  the  cut  edge 
IS  iriL'tiiiidf,  and  th.ne  is  an  excessive  amoufit  of  adliOfing  s'ag,) 

E  ^.in"(3!e 


C      0^  y^U'"  p'^ssure  *.\,-is  too  U)\v  - 

''iOTF  T*i"  f^sul!  M  th.jt  rhi'  oo  cUfj.  h  (iif^M^'d  f)i.t'r  [)ecatiSP  of  the 
trjo  s!m\^    euttiiVi  ^(U>(■ri  ) 


^•^    -  l  K  .^^.^k.  
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INFORiMATiON  SHEET 


D     Oxyij^'f'  "    ^'ii  '  u^n  iiKjh  atici  no//:ii'  si/e  too  sniuil 

(MOTE    Tm-j  H^siiit  lb  thai  x\m'  entire  contiol  of  the  cut  has  been  lost. 


Cuttiruj  sppv^d  too  blow 

(NO!  E  The  resjii  is  thtit  the  irrerjulanti^^.'S  of  tl^e  ciraghnes  are  emF)hasized 

4 

ExdHijiip 


E      Cutt'FVi  s,>'   .J  too  fuqii 

(\OTb  '^i^i  r,'sult  lb  thdt  ihpre  is  d  pronounced  bredK  lu  the  draghne  and 
the  '^u'  edqo  is  ir,"(jiJnr  ) 

ExJjnpie 
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INFORMATION  SHEET 

IV     Causes  of  backfire 

A     Insufficient  acetylene  or  oxygen  pressure 
B      Loose  cutting  tip 
C      Dirty  tip 

D  Qverheafng  of  cutting  tip 
E.     Bad  O  ring  in  torch  body 

(NOTE'  The  above  causes  should  be  carefully  checked  to  control  backfire.) 

V  Results  of  a  backfire 

A     Flame  burns  momenranly  back  into  tip 
B      A  loud  snap  or  pop  results 
1         Flame  may  go  out 

2.        Flame  may  continue  to  burn  .n  normal  manner 

VI  Resales  of  a  flashback 
A      ^ire  tns:c'e  torch 

B      OisappearcPca  of  flame  followed  by 

1  Squt^aiinq  or  hissing  noise  inside  torch 

2  Sparks  coming  ^rom  the  torch 

3  Smoke  coming  from  the  torch 

VII  Stt?[)S  to  follow  in  case  of  f'ashback 
A     Close  oxygen  f}reheat  valve 

B      Close  oxygen  torch  valve 

C      Close  acetylene  torch  val\/e 

D      Rt'lcdSf*  oxygen  reg.iiator  screw 

F      Rf'ifdse  jcetylene  regulator  screw 

^      I  xdtn'nr  ricet/lent'  unit 
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INFORMATION  SHEET 

G.     RebL't  reqiildtor  pressures 
H      LKjht  turcti 

(NOTE  it  heavy  smoke  conies  out  of  the  torch  tip  and  the  torch  body  becomes 
hox,  the  flashback  has  probably  traveled  past  the  mixing  chamber  into  the  hose. 
In  tfiis  case,  shut  off  the  oxygen  cylinder  valve  and  the  acetylene  cylinder  valve, 
then  notify  your  instructor.) 

VIII     Factors  determining  fusion  weld  quality 

A.    Proper  fiame  adjustment 

B      Afiqle  of  tip 

C.     Distance  from  work 

Cpo.'     of  t''jve' 

r      Movei^ont  of  t:p 

IX     Prop^      •>  of  a  qoovi  weld 

A      Conststt^itt  Width 

B  St.'d.ylitr.ess 

C      Sli'jhtiv  crovvned 

0      ^'j^ed  '.nto  base  rr.'^tol 

r_      Cl'j.v^  appearance 

X      '-.'ttors  JfjU^rrr irvrnj  tin  bi/e  seifCtiOn 

A     Mt-tdl  HucKnf^'^s 

Si't*        .^-t'ldifu]  rod 

< 'jOir    Aiw,v/s  use  fTHfiufdCturer's  recommendations  on  tif)  size) 
X!      ^.riiKs  J.»n'M^.HMt^i;  fi'lor  rod  sr^ioctfon 

A      fu)d     Ml    -^.iwiihf  f)rofjpfMes  as  bjSL>  metal 

•    ^jTt    ;\  is  to  iisf  a  rod  With  a  diairtpt^'r  equ<j!  to  the  tiiickfffss 


o  ij  o 


ACR  I  -  153-E 


INFORMATION  SHEET 

XI!     Purpose  of  filler  rod--To  add  strength  to  weld  or  joint 
XIII     Oxyacetylene  fusion  welding  flames  (Transparency  2) 
A     Carburizing  thme 

1.  Contains  excess  of  acetylene 

(NOTE    An  acetylene  feather  is  visible  on  the  inner  cone.) 

2.  Recommended  flame  for  cutting  cast  iron 

3        Introduces  carbon  into  weld,  causing  hardening  of  the  metal 
(NOTE.  The  resultant  weld  is  weak.) 
B.     Neutral  flame 

1.  Burns  equal  amounts  of  oxygen  and  acetylene 

2.  Identified  by  clear,  well  defined  white  cone 

3.  Temperature  5950'' 
C     Oxidizing  flame 

1  Burns  excess  of  oxygen 

2  Identified  by  siiort  white  inner  cone 

3  Oxidize^  the  metal  causing  it  to  harden  and  become  brittle 

4  Not  recommended  for  average  cutting 

5  Is  the  hottest  flame 

6.       A  Slightly  oxidizing  1iame  is  recommended  for  brazing 

XIV     Acivdntages  oi  brazr^  welding 

A      Less  possibility  of  destroying  mam  characteristics  of  hdse  metal 

1         Base  metai  do*'s  not  have  to  be  heated  to  a  fnolten  conditicn 

d      Tins  incrodses  the  speed  of  loinmg  metals 

[)      Lt'ss  qds  IS  consumed  for  a  ytven  job 

7         In  repd'nruj  in  'leahle  cdstings,  theie  is  less  danger  of  its  losing 
its  dij(,t}!e  prr-,.<'rties 
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INFORMATION  SHEET 

B     Tlui  low  degree  of  heat  miinmi/es  expansion  and  contraction  forces 
C      Less  leed  for  extensive  preheating 
XV     Djs'^dvantages  of  braze  we!c'  ny 

A     Not  recommended  for  parts  wfuch  are  to  be  raised  to  lennpe-^atures  higher 
than  the  melt»ng  point  of  bronze,  either  in  service  or  during  heat  treatnnent 

B      Bronze  w<ll  lose  its  strength  at  temperatures  above  500''F 

C     ii  cannot  be  used  on  metal  v^/here  stress  is  a  factor 

D     B'onze  may  have  corrobion  resistant  properties  vvnich  differ  from  those  of 
the  base  metal  being  used 

XVi     Chjfacterist«cs  of  the  elements  ^ound  tn  the  filler  rods  used  m  braze  welding 

A     Consist  of  copper  jMoys  containing  about  60  percent  copper  and  40  percent 
zinc  wh'Ch 

1  Produce  a  high  tensile  strengtn 

2  Increase  ductility 

B      Coniain  sfoalf  ciuantitits  of  tm,  iron,  mannanese,  and  silicon  wiuch  rielp 
to 

1         Deoxidize  the  weld  met:i! 

?        Decrease  the  tendency  to  fume 

3  h^rrease  tie  free  flowing  action  of  the  mo'ten  metal 

4  Increase  the  hardness  of  the  deposi»erj  metdl  for  grearer  wear 
!  esistdHce 

XVI!      R('}>..ri.  lot  havin()   i  ciiemiraily  clean  rnnla'  Surface  m  braze  weidincj 
A      To  ^r'ar  miiop  tiuj  n^olttMi  bronze  will  stick  to      e  base  metal 
b      To  1  .ivp  a  'Stronger  bond  on  l)ase  metal 
XVIIi        ^V-rnnOs  tor   r'tiK>vi:H;  .jxid^'S 
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INFORMATION  SHEET 

B.     Chemical  -Flux 

(NOTE:  Both  methods  should  be  employed  to  completely  remove  the  oxides.) 

XIX.    Purposes  of  the  flux 

(NOTE  These  purposes  of  flux  pertain  to  fusion  brazmg  and  do  not  apply  to 
the  purposes  of  flux  for  silver  brazmg  ) 

A     Chemically  cleans  the  base  metal 

B.     Prevents  oxidation  of  the  filler  metal 

C     F.oats  and  removes  the  oxides  already  present 

D.  Increases  th^  ^«ow  of  the  filler  metal 

E.  Increases  the  ability  of  the  filler  metal  to  adhere  to  the  base  metal 

F  Brings  the  filler  metal  into  immediate  contact  with  the  metals  being  joined 
G     Permits  the  filler  metal  to  penetrate  the  pores  of  the  base  metal 

XX     Color  of  base  metal  when  the  proper  temperature  is  obtamed  -Dull  red 
(NOTE    Base  metal  will  begn  to  glow,) 

XXi      Reaction  of  molten  bronze  at  different  base  metal  temperatures 

A,     Not  hoi  enough  -The  molten  bron^re  will  not  flow  ov^r  the  surface  but 
wii    form  into  drops 

B  Medium  The  molten   bronze  will  spread  out  evenly  and  flow  over  a 
considerable  urea 

C  Too  hot  The  molten  bronze  will  tend  to  hoil  and  to  rorm  little  balls 

XXII     Tip  sizes  and  qas  pressures  for  different  metal  thicknesses  {Tabhi  1) 

A  Ti[)  si/e  -000  to  ^12 

B  Oxyaen  ptessure  12  psi   to  28  [)  si. 

C  Aurivieru:  pressure  1 ''2  fj  s,i    tu  1b     s  i 

536 
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INFORMATION  SHEET 


D 

Metji 

tlnrkijs^  1  3.y 

ti)  4 

WELDING  TIP  SIZE  AND  APPLICATION 

! 

A(  h  r  Y 

[ 
1 

I'  f"(t 

P  h  ! 

fHiCKNtSS 

1  COO 

1  7 

1  2 

up  to  1  32" 

:  00 

/  32' 

1 

2 

1 

9 

1  64"  -  3  64" 

(} 

3 

1 

3 

1  32"  5'64" 

I 

uO 

3 

] 

1 

4 

3  64"  3'32" 

3  8 

2 

b 

1  16"  1'8" 

_> 

s 

3 

7 

1  3"  3'16" 

J 

; 

10 

4 

10  < 

3'16"  ^  I  4" 

[-) 

1  ' 

12 

15 

1/4"  ^  1  2" 

1  1  1  n  ' 

14 

6 

15 

1  2"  -  3'4" 

1b 

1 

15 

3.4"  -1-  14" 

•  1  4' 

,j 

19 

8 

15 

114"  -  2" 

]') 

2C 

9 

13 

2"  2  1/2" 

10 

27 

10 

15 

2-1,2"  3" 

I  ]{) 

13 

24 

1 1 

15 

3"  3     1  '2" 

1  ^ 

i 

]  1 

12 

15 

3-1 '2"  -  4" 
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TABLE  1 


LENS  SHADE  SELECTOR 


Tvpfjs  of  opf^rati»>n  Siiade  number 


2 

3  or  4 

OvVQCft  cuttmq 

0  1  ir.ch 

3  or  4 

1  6  ff^ches 

3  or  5 



b  inchf^s  dnd  ov^n 

5  or  6 

0  1  8  irv.[r 

4  or  5 

18  1?  ;ncM 

5  or  6 



1  ?  ov»v 

6_or 

Parts  of  a  Cutting  Torch 


Cutting  Orifice 


Slip-In  Tip 

Oxygen  Preheat  Valve 
Tip  Nut        \^  ^^jni    Acetylene  Torch  Valve 


% 

Acetylene  Fitting 
(Hex-grooved  nut 
left-hand  threads) 


^  Torch  Body' 


Oxygen  Cutting  Lever 


Oxygen  Torch  Valve 

Oxygen  Fitting 
(Right-hand  threads) 


511 


Oxyacetyleite  Fusion  Welding  Flames 


Neutral  Flame 


ACR  I  -  161-E 


0XYAC2TYLtNE  CUTTING,  WELDING,  AND  BRAi."ING 

UNIT  V 

JOB  SHEET  #1-SET  UP  EQUIPMENT  FOR  OXYACETYLENE  CUTTING 
I.    Tools  and  mater'als 


A. 

C     en  cylinder 

B. 

Acetylene  cylinder 

c. 

Oxygen  regulator 

D. 

Acetylene  regulator 

E. 

Hoses 

F. 

Wrench 

G. 

C/iinder  holder 

H. 

Water  container 

1 

Soap 

J 

Clean  paimhrush 

K, 

Toxh  body  with  tips 

11,  Procedure 

A     Faster  cylinders  nt  a  vertical  position 

B  *  Remove  caps  from  cylinders 

C.     Crack  valves  of  edcn  cylinder,  then  close  valves 

D     Connect  oxygen  regulator  to  oxyaen  cylinder 

*» 

1,  Turn  adjusting  screw  on  regulator  counterclockwise  until  tension 
on  spring  is  released 

2.  Slowly  turn  cylinder  valve  wide  open 

-E.     Connect  acetylene  regulator  to  acetylene  nylmder 

1,       Turn  adjusting  screw  on  regulator  counterclockwise  until  tension 
on  spring  is  released 

?        0|)en  cyhnder  valve  12  to  3/4  of  a  turn  (never  more  than  1 
1/2  turns) 


1b2E 

JOB  SHEET  #1 

F      Connect  acetylene  hose  to  acetylene  regulator  and  purge  hose 

G     Connect  oxvgen  hose  to  oxygen  regulator  and  pi  rge  hose 

H.    Con  ^    t  torch  boay  to  oxygen  and  acetylene  hose  and  close  both  valves 
on  torch  bodv 

'      Attach  cutting  attachment  to  torch  body 

(NOTE:  The  tip  size  is  determined  by  the  thickness  of  metal  to  be  cut 
and  the  manufacturer's  recommendations,) 

J.     Close  oxygen  preheat  valve  on  cutting  attachment 

K     Turn  adjusting  screw  on  oxygen  regulator  clockwise  until  working  pressure 
IS  reached 

L.     Turn  adjusting  screw  on  acetylene  regulator  clockwise  until  correct  working 

nrpssiirp  IS  reaohnd 

M     Test  all  connections  for  leaki  with  soap  suds  and  water 
(NOTE    Apply  soap  suds  with  a  clean  paintbrush.) 
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OXYACETYLENE  CUTTING,  WELDING,  AND  BRAZING 

UNIT  V 


JOB  SHEET  #2--TURN  ON,  LIGHT,  ADJUST  TO  A  NEUTRAL  FLAME, 
'  AND  TURN  OFF  THE  OXYACETYLENE  CUTTING  EQUIPMENT 


Tools  and  materials 

A,  Oxygen  cylinder 

B.  Acetylene  cylinder 
C  Hoses 

D,  Oxygen  and  acetylene  regulators 

E,  Torch  body 

F,  Cutting  attachment  with  slip-in  tip 
G  Cylinder  holder  and  hose  rack 

H.  Sinker 

I.  Wrench 
J,  Gloves 

K.  Colored  safety  glasses 

L.  Coveralls  or  protective  clothing 

Procedure 

A.  Turn  on,  light,  and  adjust  the  cutting  torch  to  a  neutral  flame 

1.  Check    .  cylinder,  regulator,  and  torch  valves  to  make  sure  they 
are  off 

2.  Open  acetylene  cylinder  valve  1/2  to  3/4  of  a  turn  (never  more 
than  1  1/2  turns) 

3.  Open  acetylene  valve  on  torch  one  turn 

4        Turn  adjusting  screw  on  acetylene  regulator  clockwise  until 
desired  pressure  is  reached 

(NOTE  Oxygen  and  acetxiene  pressures  and  size  of  tip  depend 
upon  the  thickness  of  the  metal  to  be  cut.  Use  pressures  and 
tip  sizes  recommended  by  the  manufacturers.) 
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JOB  SHEET  #2 

5.  Close  acetylene  valve  on  torch 

6.  Open  oxygen  cylinder  valve  all  the  way 

7.  Open  oxygen  torch  valve  all  the  way 

8.  Open  oxygen  preheat  valve  on  cutting  attachment  one  turn 

9.  Turn  adjusting  screw  on  oxygen  regulator  clockwise  unnl  desired 
pressure  is  reached 

10.  Close  oxygen  preheat  valve  on  cutting  attachment 

11.  Open  acetylene  valve  on  torch  1/4  turn 

1 2.  Light  the  torch  with  striker  and  adjust  until  smcke  on  flame  clears 

13.  Open  oxygen  preheat  valve  slowly  and  adjust  to  a  neutral  flame 

14.  epress  the  oxygen  cutting  le^er  and  check  to  see  that  a  neutral 
flame  is  present 

(NOTE:  If  necessary,  adjust  the  oxygen  preheat  valve  with  the 
oxygen  cutting  lever  depressed  until  a  neutral  flame  is  secured.) 

B.     Turn  off  the  flame  and  oxyacetylene  unit 

Close  acetylene  valve  on  torch 

2.  Close  oxygen  preheat  valve 

3.  Close  acetylene  cylinder  valve 

4.  Close  oxygen  cylinder  valve 

5.  Open  acetylene  valve  on  torch 

(NOTE:  When  gauges  reach  0,  close  torch  \alve  and  release 
adjusting  screw  on  acetylene  regulator  by  turning 
counterclockwise.) 

6.  Open  oxygen  preheat  valve  on  torch 

(NOTE  When  gduges  reach  0,  close  oxygen  preheat  vs've  and 
release  adjusting  screw  on  oxygen  requlato'  b\  turnnig 
counterclockwise.) 

7.  Close  oxygen  valve  on  torch 

8.  Place  tore'  and  hose  on  hanger  or  brackets  p-ovided 
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OXYACETYLENE  CUTTING,  WELDING,  AND  BRAZING 

UNIT  V 


JOB  SHEET  #3--MAKE  NINETY  DEGREE  CUTS  ON  MILD  STEEL 

AND  RESTART  A  CUT 


Tools  and  materials 

A.  Cutting  outfit  with  tip  assembly 

B.  Mild  steel  plate  1/4"  to  1/2"  thick,  4"  wide  or  wider,  8"  long  or  longer 

C.  Soapstone  with  a  sharp  point  or  edge 

D.  Straight  edge 

E.  Gloves 

F.  Colored  safety  glasses 

G.  Pliers 

H.  Protective  cloihing 

I.  Striker 

J.     Weidiny  or  cutting  tab!^ 

K.    Slag  box 

L.     Can  of  water 

M     Cutting  tip 

Procedure 

A     Make  ninety  degree  cut 

1.  Mark  four  parallel  lines  2"  apart  on  plate  to  be  cut 

2.  Adjust  oxygen  regulator 

3  Adjust  ace^'ylene  regulator 

4  Place  plate  to  be  cut  over  slag  box 

5,  Light  torch 

6.  Adjust  to  neutral  flanne 
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JOB  SHEET  #3 


7.  Assume  comfortable  position 

8.  Place  hoses  behind  operator 

9.  Maneuver  torch  with  both  hands 

10.  Hola  preheat  f(  ie  with  tip  of  inner  cone  1/16"  to  1/8"  above 
tc^    of  plate  at  right  edge  until  red  spot  appears 

11.  Depress  the  oxygen  cutting  lever,  and  move  from  right  to  left 
across  the  plate  (for  left-handed  operators,  go  from  left  to  right) 
(Ficjure  1) 


FIGURE  1 


Mild  Steei  Plate 
1/4'  to  1/2"  thick 


12        Hold  the  tip  at  right  angles  to  work  while  cutting  with  inner 
cone  being  1/16"  to  1/8"  above  work 

13.  Make  90  cuts  until  you  have  developed  the  proper  procedure 

14.  Cool  inetal  by  placing  in  can  of  water  with  the  aid  of  pliers 
''5        Have  instructor  inspect 

Restart  cut 

1  Release  tfie  oxygen  cutting  lever 

2  Preheat  only  the  edge  where  cutting  action  was  stopped 
Slowly  depress  oxycjen  cutting  lever  and  continue  cut 


ERLC 


5\J 


ACR  I  -  167-E 

OXYACETYLENE  CUTTING  WELDING,  AND  BRAZINb 

UNIT  V 

JOB  SHEET  #4"CUT  A  HOLE  IN  MILD  STEEL 

I.  Tools  and  materials 

A.  Cutting  outfit  with  tip 

B.  Mild  steel  plates 

C.  Soapstone  with  a  sharp  point  or  edge 

D.  Straight  edge 

E.  Gloves 

F.  Colored  safety  glasses 

G.  Pliers  ^ 

H.  Protective  clothing 

I.  Striker 

J.  Welding  or  cutting  table 

K.  Slag  box 

L.  Can  of  water 

II.  Procedure 

A.  Draw  two  circles  on  metal 

1.  Draw  one  circle  1"  in  diameter,  1"  from  edge 

2.  Draw  the  other  circle  1/2"  in  diameter,  V  from  edge 

B.  Adjust  oxygen  regulator 

C.  Adjust  acetylene  regulator 

D.  place  metal  to  be  cut  over  slag  box 

E.  L  ght  torch 
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JOB  SHEbT  #4 


F.  Adjust  to  neutral  flame 

G.  Assume  comfortable  positnn 

H.  Place  hoses  behind  operator 

I.  Maneuver  torch  with  both  hands 

J.     Hold  tip  of  inner  cone  1/16"  to  1/8*'  above  point  to  be  cut  until  metal 
turns  bright  red  (Figure  1) 

FIGURE  1 


1        Tilt  torch  15°  from  vertical  position 

(NOTE:  This  will  allow  molten  metal  to  be  blown  away  from 
operator.) 

2.       Depress  oxygen  cutting  lever  slowly  moving  torch  backwards  (to 
the  operator's  right  if  right  handed)  until  cut  pierces  plate 
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JOB  SHEET  #4 


ACR  I  -  169-E 


K.     Return  cutting  torch  to  vertical  position 


1.       Raise  cutting  tip  until  tip  of  inner  cone  is  from  1/4"  to  1/2" 
abo^e  the  plate 


2.       Make  cut  (Figure  2) 
FIGURE  2 


IJII 

4 

\ 


L.  Cut  }ust  inside  so3f^stone  mark  until  circular  cut  is  completed 
M.    Repeat  stf^ps  K  and  L  until  all  holes  are  cut 

Turn  off  oxydcetylene  ^tg 
0     Cooi  metd!  by  placing  in  Ccm  of  water  witfi  the  aid  of  pliers 
P      Have  instructor  inspect 
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OXYACETYLENE  CUTTING,  WELDING.  AND  BRAZING 

UNIT  V  - 

JOB  SHEET  #5  LAY  BEADS  On'gAUGE  METAL  WITHOUT  FILLER  ROD 

I  Tools  and  matert?'  > 

A  C  yacetylene  welding  unit 

B,  Welding  tip  ^8 

C.  Gloves 

D,  Colored  safety  glasses 

E.  Pliers 

F  'Wire  brush 

G  Striker 

H  Fire  brick 

I  One  piece  of  16  gauge  mild  steel,  1  1/4"  x  6" 

I I  Procedure 

A  Prepare  metal  for  welding 

B,  Place  metal  \n  welding  position 

C  Turn  on  oxyacetylene  unit 

D.  Set  working  pressure 

E  Light  torch  and  adjust  to  a  neutral  flame 

F  place  inner  cone  about  ri6"  to  1'8"  from  metal 

G  Do  not  begin  travel  until  you  have  established  a  molten  puddle 


JOB  SHEET  #5 

H.    Hold  torch  30°  to  45°  from  center  in  direction  of  travel  (Figure  1) 


I.     Slew!/  move  the  torch  forward  allowing  the  metal  to  melt 
J.     Repeat  process  until  instructor  gives  permission  to  go  on  to  next  job 
(NOTE    A!ways  turn  off  oxyacetylene  rig  when  not  using  it  ) 
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OXYACETYLENE  CUTTING,  WELDING,  AND  BRAZING 

UNIT  V 


JOB  SHEET  #6"LAY  BEADS  ON  GAUGE  METAL  WITH  FILLER  ROD 

I.  Tools  and  materials 

A.  Oxyacetylene  welding  unit 

B.  Welding  tip  (according  to  manufacturer's  recommendations) 

C.  Gloves 

D.  Colored  safety  glasses 

E.  Pliers  \ 

F.  Wire  brush 

to 

G.  Striker 

H.  Fire  brick 

I.  One  piece  of  imid  steel  strip,  16  gauge  1  1/4"  bv  6" 

J,  Filler  rod  mild  steel  (according  to  manufacturer's  recommendations) 

II,  Procedure 

A  Prepare  metal  for  welding 

\ 

B  Place  metal  in  v\/elding  position 

C,  Turn  on  oxyacetylene  unit 

D  Set  working  pressye 

E  Lig^^t  torch  and  adjust  to  a  neutral  flame 

F.  Hold  torch  30°  to  45°  from  center 
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JOB  SHEET  #6 

Place  inner  cone  about  1/16"  to  1/8"  from  surface  of  puddle  (Figure  1) 


FIGURE  1 


H     Do  not  begin  travel  unt*!  you  have  established  a  molten  puddle 

I       Add  filler  rod  to  front  edge  of  pudaie  m  front  of  torch 

J      Move  puddle  forward  with  torch  and  allow  puddle  to  form  in  base  meta' 

K     Add  rod  and  withdraw  tod  to  fron*  edge  or  puddle  as  you  move  puddle 
forward 

L     Keep  puddle  the  same  size  and  shape  the  entire  length  of  the  bead 
M.    Turn  off  oxyacetylene  rig 
N.    Have  instructor  inspect 

55C 
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OXYACETYLENE  CUTTING,  WELDING,  AND  BRAZING 

UNIT  V 


JOB  SHEET  #7- WELD  BUTT  JOINTS  WITH  FILLER  ROD 

I.  Tools  and  materials 

« 

A.  , Oxyacetylene  welding  unit 

B,  Welding  tip  (according  to  manufacturer's  recommendations) 

C.  Gloves 

D,  ,    Colored-  safety  glasses 
■     E,  Pliers 

^  *      F,     Wirt,  orush 
G,    Striker.  ^ 
,    H.     Fire  brick 

1      Two  pieces  of  mild  steel  strips,  16  gauge'  1  1/4"  by  6" 

J,     Filler*  rod  mild  steel  (accorHmg  to  nianufacturer's  recommendations) 

I. 

II,  Procedure       -  -  *  - 
A     Prepare  metal  for  welding 

'B.     Place  metal  m  welding  position 

.-Turn  on  oxyacetylene  unit 
D     Set  wo^^king  pressure 
E      Lig,ht  torch  and  adjust  to  a  neutral  flame 
F,     Tack  weld  metal^  together  at  both  'ends  of  joint 
G     Hold  torch  30°  to  45?  from  center 

H      Do  not  begin  travel  until  you  fiave  established  a  rjolten  ^jddle 
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JOB  SHEET  #7 

Place  inner  cone  abovJi  l/IC"  to  1/8"  from  surface  of  puddle  (Figure  1) 
FIGUPE  1 


J      Add  ffller  rod  to  frorit  edge  of  puddle  in  front  Of  torch 

K     Mr.\/e  pLiddle  (urw^rd  with  torch  and  aMow  puddle  '  )  form  in  base  metal 

L      Add  rod  dt.v,  Aithdfdvv  rod  to  fro-it  edge  of  puddle  as  you  mo  puddle 

f  or  Vv.if  ri 

V,     K.'-'p  })Lddle  the  sjme  size,  shdpe,  and  centered  thi.^  entire  length  of  the 

t»e  id 

N      r\rn  off  f^.xyiicptyiene  rig 

0      ^hr.v.  iM'ud  to  'fv>,t.  i.cror  when  completed 
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OXYACETYLENE  CUTTING,  WELDING,  AND  BRAZING 

UNI  r  V 

JOB  SHEir  ??8 -BRAZE  WELD  A  SQUARE 
GROOVE  BUTT  JOINT 

I  Tools  and  materid's 

A     Oxyacetyiene  welding  unit 
B  Gloves 

C.     Colored  sdtety  glasses 
D  Goggles 

E      Welding  tip  (jccording  to  manufacturer's  recommendations) 
F.     Wire  brush 
G  Striker 
H      Fire  bnck 

I       Two  pieces  of  ciuan  mud  steel  strips,  1^'8"  thick,  1  1/4"  by  6" 
J      Bronze  iii'er  rod  (use  dccordmg  i       .rvjfacturer's  recommendations) 
K.    Welding  flux 

II  P.ocedure 

A     Pr?par*^  metal  tar  b\az\nq  cA^^sn 

B      Pidce  mf^ial  in  braz'ng  oosition  1/16"  to   i/S"  Jpart 
C      Turn  on  oxva^^etylene  unit 

D     Adju..  proper  working  pressure  of  oxygen  and  acetylene 
E      Kiace  metdl  on  fire  br^ck 

(NO'"E  Do  not  Uiy  rr.eta!  flat  on  bn^  k  Arrange  iTieta,  so  a  smd!!  space 
will  OP  betweer^  tht;  ba^e  r^ieta!  and  the  tire  t)rick  ) 

F      Ligl^.  and  adju-^  torch  lo  a  neutral  or  >l.ghtl\'  ov       -rj  fiamc 

G      Pr^^'noat  Uip  enci  of  the  orazmg  rod  and  dip  in  the         o'  use  fluxed  rod 


JOB  SflLL"  \  ^-'H 


H.     Tjc*^   mii'U''  hi  [)Li^^'  viSiiuj  hr.iM  fnt't.il 

J       H{^i(i  tortf^  30        45    .roifi  v-mh  j1   huUi  IiIhm  ruti  Jt  the  same  angle  m 


FIGURL  1 


10   1  B" 


30  45^ 


30  4b' 


h  'jv  Mubt  Covr    i'v/tnltt'n  Metal 


Tack 


Of:; 


K      Ml  11    .     .J  i  '  :    r.,-*  .^MiM  fu'  sufhco  jnrj  jlluw  it  to  spre.xi 

t^*-'  '  ^^\''\        ii'  1  'I'll'  '''ir/MMj  f  o!o'  ."('UfS 
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OXYACETYLENE  CUTTiNG,  WELDING,  AND  BRAZING 

UNIT  V 


TEST 


1.       Match  the  terms  on  the  right  to  the  correct  definitions. 


a.  Chemical  used  to  clean  metals  and  to 
promote  fusion  dui'ing  the  weldmg 
process 

b.  Melting  a  small  amount  of  bronze  rod 
onto  the  surface  and  allowing  it  to 
spread  along  the  entire  seam  (joint) 

c.  Joining  pieces  of  metal  by  heating  the 
adjoining  edges  to  the  fusion  or  melting 
point  and  allowing  them  to  flow  cr  run 
together  and  then  cool 

_d.  '''jmentary  burning  back  of  the  flame 
into  the  tip 

e.  Process  by  \\/hich  iron  or  steel  is  heated 
to  ?.  temperature  where  it  can  be  rapid'y 
oxidized  by  hin^^  purity  oxygen  flowing 
under  pressure  through  a  cutting  torch 

_f.   Inner  white  part  of  the  neuirai  flame 

y.  Short  weld  used  for  temporarily  holding 
niaterial  m  place 

h.  Metal  container  with  a  layer  of  water  o; 
sand  to  catch 'hot  slag^  ^ 

I.  Arpa  where  the  metal  was  removed  in 
the  form  of  an  oxide  during  the  cutting 
process 

j.  Term  usually  applied  to  rust,  corrosion 
codti  ig,  film,  or  scale 

k  Hpat^ng  the  base  metal  to  a  dull  red 
co'or  and  depositing  a  ever  the 

seim  (jo  with  ,3. bronze  f'l^er  'od;  t^^e 
base  f'^'e.al  is  not  melted 

1.  That  portion  of  d  weld  that  is  moken 
a.  the  pl<^ce  the  heat  is  supplied 


1 

1 . 

Backfire 

9 

r lame  lu t uiig 

0. 

Ox  ide 

A 

*+. 

oase  meiai 

5. 

Malleability 

6. 

Ductile 

7. 

Flux 

8. 

Kerf 

Oldy  UUX 

10. 

Oxidizing 

11. 

Tack  weld 

12. 

Tinning 

operation 

13. 

Penetration 

14. 

Drag  line 

15. 

Fusion 

welding 

16 

B  ^ze 

wel'cjing 

17 

Inner  cone 

18. 

Puddie 
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m  Combining  oxygen  with  dnother 
sut)Sljnce 

n  Rpft'is  to  the  c.itiidtion  in  which  thu  most 
chstdfit  ijoiiionof  the  cutting  stream  Idgs 
hefnnd  the  stream  nejrest  thecuttinu  *  n 

o  Property  of  metals  which  dl'ows  tiiem  to 
be  l)en  t  or  f)ermjnent!y  distorted 
without  rupture,  opposite  of  brittleness 

p.  Term  describmg  metal  which  is  capable 
of  being  drawn  or  stretched  out 

# 

q.  Distance  from  the  original  surface  of  the 
Ddse  metdl  to  the  point  at  which  fusion 
ceases 

r    Metal  being  welded 


2        Identify  the  pirts  of  the  cutting  torch 


L  \f         ,1'        ,  fur  poor  ( i 

i 


cl 
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4        List  four  causes  of  a  backfire 


d 

5        Describe  the  results  of  a  backfire 


6.       Describe  the  results  or  a  flashback. 
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7.       List  in  the  proper  ordei  .he  steps  to  follow  in  case  of  a  flashback. 

a.  .  ' 

b 

'■I 

d.  . 

e 
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Name  f^ve  factors  that  determine  fusion  weld  quality, 

a, 

b, 

c. 

d. 

8. 

List  five  properties  of  a  good  weld. 

a. 

b. 

d. 
e. 

Name  tvvo  factors  that  determine  tip  si/^  s^-^lection  in  oxyacetylene  fusion 
welding  - 

a.  .  •  , 

b 

List  two  fjctors  that  determine  the  filler  rod  viertton  in  oxydcelylene  fusion 
b 

State  tJU'  purposp  of  the  filler  rod. 


Identity  the  type's  of  oxyacetylene  fusion  Vvold'ng  flames 


a.  

,  5S1 


c 


14.       Discuss  the  advantages  of  braze  welding. 


15.       Discuss  the  disadvantages  Of  braze  weldmcj. 


r 
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16. 


Discuss  the  characteristics  of  the  elements  found  in  the  filler  rode  used  in  braze 
welding. 
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17        List  two  reasons  for  having  a  clean  nnetal  surface  in  braze  welding. 

a 
b 

18,       Name  tv^o  methods  for  removing  oxides  from  a  clean  metdi  surface 
a 
b 

19        Mar.ie  five  purpost'S  of  flux 


20.       Name  -tie  color  of  tiie  base  metal  when  the  proper  temperature  i$l)k<iained 
in  Draze  weldiaq  ^ 


5Sb 


ACR  I  -  185-E 


21.       Describe  the  reaction  of  the  molten  bronze  at  different  base  metal  temperatures. 
"'"'^  a.     Not  hot  enough- 


b.  Medium- 


c.     Too  hot" 


22.       Select  the  proper  tip  size,  oxygen  pressure,  and  Acetylene  pressure  for  weld  3/8" 
steel. 


Oxygen 

Acetylene 

Metal 

Tip  Size 

Pressure 

Pressure 

Thickness 

000 

1/2-2 

1/2  2 

Up  to  1/32" 

00 

1-2 

1-2 

1/64"  to  3/64 

0 

1-3 

1-3 

1/32"  to  5/65 

1 

1-4 

1-4 

3/64"  to  3/32 

2 

2-5 

2-5 

1/16"  to  1/8" 

3 

3-7 

3-7 

1/8"  to  3/16" 

4 

4-10 

4-10 

3/16"  to  1/4" 

5 

5-12 

5-15 

1/4"  to  1/2" 

6 

6-14 

6-15 

1/2"  to  3/4" 

7 

7  16 

7-15 

3/4"  to  1  1/4 

8 

9  19 

8-15 

1  1/4"  to  2" 

9 

10-20 

9-1b 

2"  to  2  1/2" 

10 

11-22 

10-15 

2  1/2"  to  3" 

11 

13-24 

11-15 

3"  to  3  1/2" 

12 

14-28 

12-15 

3  1/2"  to  4" 

23.       State  an  acceptable  lens  shade  number  for  oxyacetylene  welding. 


24.       Demonstrate  the  ability  to 

a      Set  up  equipment  for  oxyacetylene  cutting, 

b      Turn  on,  light,  adjust  to  a  neul.di  fidme,  ana  turn  off  the  oxyacetylene 
cutting  equipment 

c\     Make  ninety  degree  cuts  on  mild  steel  dnd  resta'-t  a  cut. 
d      Cui  a  hole  in  m'ld  steel. 
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e.  Lay  beads  on  gauge  metal  without  filler  rod. 

f.  Lay  beads  on  gauge  metal  with  filler  rod, 

g.  Weld  butt  joints  with  filler  rod.  j 

h.  Bra^e  weld  a  square  groove  butt  joint. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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OXYACETYLENE  CUTTING,  WELDING,  AND  BRAZING 

UNIT  V 


ANSWERS  TO  TEST 

a.  7  g      11  m.  10 

b.  12  h.     9  n.  14 

c.  15  I.     8  o.  5 

d.  1  I.      3  p.  6 

r 

e.  2  k.  •  16  q.  13 
f  17                 L      18  r.  4 

a  Oxygen  fitting 

b.  Acetylene  fitting 

c.  Oxygen  torch  valve 

d.  Acetylene  torch  valve 

e.  Torch  body 

f  Oxygen  cutting  lever 

g  Oxygen  preheat  valve 

h  Tip  nut 

I  '>Slip^'n  tip 

J  Preheat  orifice 

k.  Jutting  orifice 

Any  five  of  the  following: 

a      Preheat  flames  too •  small  causing  cutting  speed  to  be  too -slow 

b.  Preheat  flames  too  long 

c.  Oxygen  p'-essure  too  low 

d      Oxygen  pressure  too  higii  and  nozzle  size  too  small 
c      Cutting  speeci  too  slow 
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f      Cutting  speed  too  hiqh 

q      Blowpipe  trdvtM  unsteady 

h      Cut  lost  and  not  ca^vifuHy  resturted 

Any  ^OLir  of  the  fohowiiK) 

a.     Insufficient  acetylene  or  oxygen  pressure 

b      Loose  ruttini]  tip 

c      Dirtv  tip 

d      Overhedtmg  of  cutting  Up 

e      Bad  O^'nci  in  torch  body  t 

Description  siiouki  include 

a  •    F-ljme  [)urns  momentaniy  bdck  into  ttp 

b      A  lojijd  or  pop  results 

1 1         hidr-i^'  UKiV  C]0  out  ' 

2i        Flcnn^  nijy  continue  to  butn  m  normal  manner 

Desi  ri[3^:0'i  stnjji'!  ir^fiudf 

,1       File  insKle  tor^^h 
i 

b      DisJiJr<''Jf*'f^"'  'f^  toliow^Hi  by 

15,       S(|v5r.j!mq  of   -.iSb!       a)ib(    ms'de  torch 
9i        Spr>'i  l  rornmq  from  the  torcfi 
"^1         ',Tjuk<j  cofTii'Ui  -'Om  (tie  tcntfi 

t)      C'k;^  ^       yqef'  tbrch  ^-ilvt^ 

CM(/:q^  vH^'tylont'l  to'i  i"!  Valve 

j       Rpifrist^  nyyc^fn,  rt^quldtor  scfevv 

0       Re*r.j^e  ,Hr»ylei{«r'  n'ljul.jtoi  s^Jf'vV 
t 

'     f        c>dmine  <!'..'-'ty Ij'nc  ur^tt 

I 
I 
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Reset  regulator  pressures 

h. 

Light  torch 

8. 

P 

Proper  tiame  adjustment 

b. 

Ang'e  of  tip 

c. 

Distance  from  work 

d 

Speed  of  travel 

e. 

Movement  of  tip 

a. 

Consistent  width 

b. 

Straigntness 

SI  nhtly  crowned 

Fused  into  base  metal 

Clean  appearance^ 

10. 

a. 

Metal  ihicknes; 

b. 

Size  of  welding  rod 

11 

a 

Rod  wir^    imilar  properties  as  base  nrietal 

b 

Thickness  of  metal 

12. 

.  To 

add  strength  to  weld  or  joint 

13. 

a. 

Carbunzmg  flame 

b 

Npu^^ai  f^arne  ^ 

c 

0.    izing  flame 

14.       Discubsion  should  include 

a.     Less  possibility  of  destroying  the  mam  characteristics  of  the  base  metal 
1)       Basje  metal  does  not  have  to  be  heated  to  a  molten  position 

a)  This  increases  the  speed  of  joinina  netals 

b)  Less  gas  is  consumeci  for  a  given  job 

?)        In  repairing  mialleable  castings,  tho-e  is  less  danger  c»f  its  losmg 
its  ductile  nroperties 


b.  The  low  degree  of  heat  minmuzes  expansion  and  contraction  forces 

c.  Less  need  for  extensive  preheating 
D'scussion  should  include 

a      Moi  recommended  for  parts  which  are  to  be  raised  to  temperatures  higher 
than  the  melting  poinr  of  bronze,  either  in  service  or  during  heat  treatment 

b      Bronze  vyill  lote  its  strength  at  temperatures  above  500°F 

c      It  cannot  be  usei  on  metal  where  stress  is  a  factor 

d      Bronze-  may  have  corrosion  resistant  properties  which  differ  from  those  of 
the  base  metal  being  used 

Discussion  should  'nciude 

d      Consist  of  co[>per  alloys  containing  about  60  percent  copper  and  40  percent 

.Zinc  which 

1)        Produce  a  high  tensile  strength 
?)        I nc recuse  ductility 

h     Contain  smdll  quantities  of  tin,  iron,  manganese,  and  silicon  which  help 
to 

1)  Opoxidize  tlie  weld  metal 

2)  Decrease  tlie  tendency  to  fume 

3)  increase  tlie  free  flowing  action  of  the  molten  metal 

4)  ir,u  rease  the  hardness  of  the  deposited  metal  for  greater  wear 

resistance 

d      To  guarantte  the  molten  bronze  will  stick  to  the  base  metal 

h      To  have  a  stronger  bond  on  base  metal 

i      Mechanical- Wire  brush  or  grinder 

I)      Cliernica!  -Fiux 

A\ny  five  of  the  followmg 

a.     Chernicatly  cleans  the  base  metal 

b      Prevents  oxidation  ot  The  filler  metal 

c      Floats  -)hd  rernoves  the  oxides  already  present 


ACR  I  -  191-E 


d.  Increases  the  flow  of  the  filler  met^ 

e.  Increases  the  ability  of  the  filler  metal  to  adhere  to  the  base  metal 

f.  Brings  the  filler  metal  into  immediate  contact  with  the  metals  being  joined 

g.  Permits  the  filler  metal  to  ;  ^netrate  the  pores  of  the  base  metal 

20.  Dull  red 

21.  a.     Not  hot  enout,h--The  molten  bronze  will  not  flow  over  the  surface  but 

will  form  into  drops 

b,  Medium-'The  molten  bronze  will  spread  out  evenly  and  flow  over  a 
considerable  area 

c.  Too  hot-Thc  molten  bronze  will  tend  to  boil  and  to  form  little  balls 


22, 


5,  5-12,  5-15  " 


23. 


4  or  5 


24 


Performartce  skills  evaluated  to  the  satisfaction  of  the  instructor 


) 
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ELECTRIC  WELDING 

UNIT  VI  t 

UNIT  OBJECTIVE 

^'ter  completion  of  this  unit,  the  student  should  be  ab'le  to  name  the  types  of  arc  welding 
machines  and  electrodes.  The  student  should  be  able  to  do  a  vertical  butt  and  "T"  or 
fillet  weld  with  the  eleCtric  welder.  This  knowledge  will  be  evidenced  through 
demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be^able  to: 

1.  Match  terms  associated  with  electric  welding  to  the  correct  definitions. 

2.  Name  four  types  of  arc  welding  machines. 

3.  Distinguish  between  straight  and  reverse  polarity. 

4.  Name  the  two  types  of  operating  adjustments  found  on  arc  welding 
machines. 

5.  Discuss  how  to  test  for  polarity. 

/I 

6.  Name  types  of  electrodes. 

7.  Name  common  sizes  of  electrodes. 

8.  Select  the  statemen.  which  determines  electrode  size. 

9.  Select  the  purposes  of  flux  coating  on  electrodes. 

10.  Identify  the  numbers  in  the  AWS  electrode  code  classification. 

11.  Nanie  factors  to  be  considered  when  selecting  an  electrode  for  a  specific 
job  application. 

12.  Select  reasons  for  poor  welds. 

13.  Identify  the  pa'^ts  of  the  welding  process. 

14.  Name  two  methods  of  striking  an  arc. 

15.  State  the  correct  range  of  lens  shade  number  for  electric  welding. 

16.  Select  reasons  for  removing  slag  from  weld. 
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17.       Name  three  reason's  for  fusing  one  bead  in  with  another. 

« 

'  18.       Name  four  factors  that  determine  weld  quality. 

19,  Identify  properly  and  improperly  formed  beads  by  telling  what  caused  each 
one. 

20.  Demonstrate  the  ability  to: 


a. 


Start,  stop  and  restart  a  bead. 


b. 


Make  a  pad  in  the  flat  position. 


c. 


Make  a  square  groove  butt  weld. 


d. 


J^ake  a  multiple  pass  T-joint  fillet  weld. 


\ 
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ELECTRIC  WELDING 
UNIT  VI 

SUGGESTED  ACTIVtTIES 


I.  Instructor: 

A.    Provide  student  with  objective  sheet. 
*     B.     Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives.  ^ 

E.  , Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Give  test. 
II.  Student: 

o 

A.  Read  objective  sheet. 

&.    Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 

A     Objective  sheet  ^ 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1  "Welding  'Circuit 

2.  TM  2--Standardized  AWS  Classification 

3.  TM  3--Direction  of  Travel 

4.  TM  4-lmproperly  Formed  Beads 
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D.  Job  sheets 

1.  Job  Sheet  #1 -  Start,  Stop,  and  Restart  a  Bead 

2.  Job  Sheet  #2-Make  a  Pad  in  the  Flat  Position 

3.  Job  Sheet  #3--Make  a  Square  Groove  Butt  Weld 

,  4.       Job  Sheet  #4--Make  a  Multiple  Pass  T-Joint  Fillet  Weld 

E.  Test 

F.  Answers  to  test 
References: 

A.    Sosnin,  H.  A.  Arc  Welding  Instructions  for  the  Beginner.  Cleveland,  Ohio: 
The  James  F.  Lincoln  Arc  Welding  Foundation,  1973. 

8.     Welding  Curriculum.  Stillwater,  Oklahoma:  State  Department  of  Vocational 
and  Technical  Education,  1974. 
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ELECTRIC  welding/^" 
UNIT  VI 


INFORMATION  SHEET 


I.    Terms  and  definitions 

A.  Shielded  metal  arc  welding--Arc  welding  process  wherein  metals  are  united 
by  heating  with  an  electric  arc  between  a  coated  metal  electrode  and  the 
metal 

B.  Base  metal-Metal  to  be  welded  or  cut 

C.  Arc  lengths-Distance  fron  the  end  of  the  electrode  to  the  point  where  the 
arc  makes  contact  with  work  surface 

D.  Crat^   -Depression  at  the  termination  of  a  weld 

E.  Face  of  weld-Exposed  surface  of  a  weld,  made  bv  an  arc  or  gas  welding 
process,  on  the  side  from  which  welding  was  done 

F.  Fiux-Fusible  materia!  or  gas  used  to  dissolve  and/or  prevent  the  f6rnr,  .tion 
of  oxides,  nitrides,  or  other  undesirable  inclusions  formed  in  welding 

G.  Low  carbon  steel-Steel  containing  .20%  or  less  carbon 

H.  Pass  -Singie  longitudinal  progression  of  a  welding  operation  along  a  joint 
or  weld  deposit 

I.  Porosity-  Gas  pockets  or  voids  in  metal 

J,  Spatter-Metal  particles  given  off  during  welding  which  do  not  form  a  part 
of  the  weld 

K.  Tack  weld-Weld  made  to  hold  parts  in  proper  alignment  until  the  final 
O  welds  are  made 

(NOTE:  This  type  of  welding  is  for  assembly  purposes  only.) 

L.  Puddle-That  portion  of  a  weld  that  is  molten  at  the  place  the  heat  is 
supplied 

M.  Undercut-  Groove  malted  into  the  base  metal  adjacent  to  the  toe  of  the 
weld  and  left  unfilled  by  weld  metal 


N.    Weaving -Technique  of  depositing  weld  metal  in  which  the  electrode  is 
oscillated 

0.    Weld  metal  -That  portion  of  a  weld  which  has  been  mek-^d  durinq  welding 
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INFORMATION  SHEET 

\ 

Whipping-  Term  applied  to  an  inward  CAd  upward  nnovennent  of  the  - 
electrode  which  is  empkjyed  m  vertical  welding  to  avoid  undercut 

Q.    AWS  -Annencan  Welding  Society 

R,     Disposition  rate -Amount  of  filler  metal  deposited  in  any  welding  process; 
ra*ed  m  pounds  per  hour 

Types  of  arc  welding  machines 

A.  AC  (alternating  current)  transformer  welder-Current  alternating  direction 
120  times  per  second  ^ 

B.  AC-DC  transformer  rectifier- Provides  either  alternating  current  or  direct 
current  ^ 

C     Motor  generator  Produces  DC  current  / 

D.     Engine  generator-Produces  DC  current 

Types  Of  polarity  (Transparency  1! 

A     Reverse- Current  flows  from'  base  metal  to  electrode 

B.     Straight'  Current  flows  from  electrode  to  base  metal 

(NOTE  Welding  leads  must  connect  to  correct  terminals  if  machine  has  a  polarity 
switch  Otherwise  a  change  in  polanty  is  made  by  reversing  leads  on  the 
terminals.) 

Types  of  operating  machine  adjustments 

A,  Current  (amperage)  settings 

(/JOTE.  Increasing  ar  ips  producesrmore  heat  and  decreasing  amps  produces 
less  heat  ) 

B.  Polanty 

How  to  test  for  polarity 

A.    Weld  a  bead  using  E  6010  reverse  polanty  electrode 

(NOTE'  If  there  is  excessive  amount  of  weld  spatter  and  arc  i3  very  erratic, 
machine  is  set  on  straight  polanty,  e.lectrode  jead  negative,  work  lead 
(qiv^und)  positive  Reverse  polarity  should  have  electrode  lead  positive,  wori< 
lead  (ground)  negative.  The  same  practice  would  apply  if  machir^e  is  set 
on  AC  ) 


57U 


J 


-inforivTation  sheet 


B.    Strike,  arc  with  cacbon  electrode 

(NOTE:  If  arc  is  smooth,' and  quiet,  it  is  set  on  straight  poiarity.  If  carbon  • 

becomes  extremely  hot  and  pieces  break  off  and  black  smudges  appear  on 

work  piece,  it  is  set  on  reverse  polarity.)  ^  o 

VI.    Types  of  electrodes 

A  Mild  steel 

B.  Low  hydrogen -I o»/v  alloy 

.  C.  Nonferrous 

D.  Hard  surfacing 

E.  Cast  iron 

F.  Stainless  steel 
«  Exam-^'le: 


WELDlMG  CHAHACTEHISTICb  AND  OPeflATlNG  DATA  OF  MfLD  STEE^L  ELECTRODES 


Co»tinq 

Culor 

Position  of 

Type  of 
Usrt 

Penetration 

Hfte  of 

Depoiition 

Appearince 
of  »ead 

Teniitt 
Sirtngth 

3/32'  S.Jf 

1/8  S»2« 

5  32  Si«e 

3/16'  Si't 

£6010  White 

A  { 

PoSit'ur^i 

DC    Ht'vPT  ip 

I'  1 

Dw-p 

Av  Rate 

Rtppled 
and  Flat 

62  OOOpii 

75  1M 

90  1  75  , 

140  225 

A'l 

AC 

DC  Rever*.* 

Deep 

Av  Rate 

Rtppled 
a^d  Flat 

63  000pst 

75  120 
70  110 

9ai60 
80  145 

120  200 
110  180 

E6012      Tan            I  All 

DC  Sn 
AC    1  ) 

MPdi'im 

Good  Hjip 

Smocith  and 
Convex 

67  OOQpii 

55  80 
60-90 

8a  136 
90  150 

110  180 
120  200 

155  250 
170  275 

F6013      Dark  Tan    '  A.' 

AC 

DC     Str      1  1 
or  HPvffiP 

Mtid  C 

Go(hJ  Hdte 

Sr-OQth  Flat 
and  Convex 

67  OOOp  . 

65  100 
60-90 

9at40 
8at75 

140  200 

125  180 

200  260 
180  235 

E70U      Gfav  6'       i  Ait 

PoSitiOili 

i 

DC   STf    \  1 

Mediufn 

H  gh  Pate 

Smooth  Flat 
and  Convex 

70  000 

110  160 
100  145 

150  225 
1350200 

200  280 
180  250 

£■•016                       .  AM 

J    Pns  ».0«^i 
1 

AC 

DC  HPve-^c 
I*  1 

Mild  to 

Wfood  Hate 

Smooth  and 
Conve« 

70  000 

7a  100 

8ai30 

120  170 

170  250 

E7024      Oa'K  Gr  iv 

Hor  Fillftv 

AC  DC 

Mild 

Very  H.qh 

Rate 

S'^^outh  arid 
StiqhtW  Cvn 

)  72  000 

65  120 
6a  110 

115  175 
100  160 

180  240 

160  215 

240  XO 
220  280 

E6027        Pftl  Brown 

 ^ 

Ho'  Fiii»"\ 

Flit  DC  AC 

Ho*-  F.iipi 
DC  St'  ^C 

MediUrf 

Very  Hiqh 
Rate 

Fiat  to 
Concave 

62  OOOpr 

190  240 

175  215 

250  300 
2X  270 

E7018  Grdy 

Ai' 

Poi'ttorn 

AC 

DC  RevffJP 

(•i 

Mild 

H'qh  Rate 

Smcxjth  Flat 
to  Conwe« 

72  000 

7aioo 

8ai20 

9ai50 
1 10  170 

120  190 
135  225 

170  280 
200  XO 

e7028  Grader 

^ldf 

Her  F.npl^ 

AC 

DC  H»v#r4»» 

Very  Htgh 
Rate 

S"iooth  and 
Slightly  Cvx 

72  000 

180  770 
1  70  240 

240  330 
210  300 

'DC  Hewvrte  meant  OC  •'everse  polaoty  (electrode  pontiwe) 
DC  Jtraiqht  meaoi  DC    straight  polifity  (eiectrv^de  neqstivtl 


VII.    Common  electrode  sizes 

(NOTE;  Electrodes  range  in  size  from  1/16"  to  5/16".) 

A.  3/32" 

B.  1/8"  . 
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INFORMATION  SHEET 

C.  5/32"  ^  •         •  ■ 

D.  3/16"  ■  -     '  . 

E.  7/32"  /  ^  , 
.R  1/4" 

G     5/16"        -     .  . 
VIII.    Determining  electrode  size -Determined  by  diameter  of  bare  end  of  electrode^ 
IX.    Purposes  of  flux  coating  on  electrodes  » 

A.  Stabilizes  arc 

B.  Shields  molten  puddle  from  air 

C.  Floats  impurities  our  of  puddle 

D.  Forms  slag  and  slows  cooling 

E.  Provides  deoxidizers  and  scavengers  to  prevent  porosity  of  weld  zone 

F.  P/3vides  alloying  elements  for  higher  strength^  welds 

G.  Provides  iron  powder  to  increase  the  disposition  rate 

X     Numbers  in  the  AWS  electrode  classification  (Transparency  2) 
A     E-Stands  for  electrode 

B.     First  two  digits -Indicate  tensile  strength  deposited  in  a  thousand  pounds 
per  square  mch 

C     Third  number-  Indicates  vveldinn  position 

1  All  positions 

2,  Flat  and  horizontal 
D.     Fourth  digits  -Represents  special  characterisitics  and  usability  of  the  rod 

I  Current 

2.  Penetration 

3.  Type  of  flux  coating 

KQ  1 

KJ  ^ 
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XI.    Factors  for  selecting  electrodes  fo^r  a  specifier  job  applicationr         "        -  \ 

A.  Base  metal  str-<.iigth  properties  .  ' 

B.  Base  metal  composition  .  ^  ,  ^ 

C.  Welding  position  ^  ^ 

D.  Welding  current 

v 

,   E.    Joint  design  and  fit-up 

F.  TKickness  and  shape  of  base  metal 

G.  Service  conditions  and/or  specification 

H.  Productiqn  efficiency  and  job  conditions 
XI],    Reasons  for  poor  welds 

A.  Improper  machine  adjustment 

B.  Improper  electrode  and  Jize 

C.  Improper  movement  of  electrode 

D.  .  Irhproper  angle  of  electrode 

E.  Inproper  base  metal  preparation 

F.  Improper  arc  length 
XIII.    Parts  of 'welding  process  (Transparency  3) 

A.  |lag 


B.  Weld 

C.  Electrode 

D.  Wire  core 

E.  Coating 
F  Arc 

G.  Crater 
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INFORMATION  SHEET 

H.  Penetration 
.  L    ^  Base  metal 
J.     Heat  linos 
'  K.    Gaseous  shield 

L.    Ten  degrees -fifteen  degrees 

*». 

XIV.    Methods  of  striking  an  arc        .  . 

A.  Tapping  \  ^ 

B.  Scratching 

XV.  Safety  lens  fu.ige  for  electric  welding-9-l4 

(NOTE:  A-safety  lens  within  the  9  to  14  range  will  be  adequate  for  all  types 
of  electric  welding.)  v 

XVI.  .'R^easons  for  removing  slag  frorn  a  weld       '  / 

A,    Permits  better  fusion  -  of 'beads 

B     Prevents  gas  pockets  ^and  sfag  inclusions  from  formiing  in  bead 
^  Improves  appearance  of  beao 

^  XVII.    Reasons  for  fusing  one  bead  in  with  another  '  * 

A.    Increases  strength  of  weld 

B     Improves  appearance  of  bead 

C.     Improves  penetra'tion 
XVIII.     Facto^  that  determme  weld  quality 

V 

A     Amperage  ^ 
/ 

^  B.     Length  uf  Arc  \ 

C.  Speed  of  travel 

D.  Poaitjon  of  eiect&ode  ^  / 

■  5S3  ^ 
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INFORMATION  SHEET 

XIX.    Causes  of  improperly  formed  beads  (Transparency  4) 

A.  Current  low-Poor  penetration,  slow  progress,  excessive  piling  of  weM  metal 

B.  Current  high-Excessive  sputter,  undercutting  of  weld  joints 

C.  Voltage  high-Poor  penetration  with  flat  r  zone  not  shielded 

D.  Voltage  low*-Poor  penetration,  wide  humped  bead,  electrod^  too  close  to 
crater  causing  porosity  ^ 

E.  ,  Speed  slow-Excessive  heat,  piling  up  of  weld  metal  leading  to  unnecessary 

distortion  of  joint 

F.  Speed  fast-Irregular  bead,  poor  penetration^  rot  enough  weld  meta)  in  joint 
causing  a  weak  joint 
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Welding  Circuit 


Electrode  Holder 

Carries  Welding  Current 

\ 


Electrode 


Diameters. 
1/16  -  5/16  X  14' 
Most  Common 
Length 
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Ground  Clamp 

Completes 
Welding  Circuit 


Current 
Adjustment 
Amps 


Welding  Machine 


Electrode  Cable 


Work  Lead 


Polarity-D.C.  Current 


1 

2. 


3. 


Reverse: 

Electrode  (+> 
Current  flows 
from  work  to 
electrode 
2/3  heat  at 
electrode 
1/3  heat  at 
work 


+  ) 


1 

2. 


3. 


Straight; 

Electrode  (  ) 

Current  flows 
from  electrode 
to  work 
2/3  heat  at  (•) 
work 

1/3  heat  at  {+) 
electrode 


> 

o 

3J 


m 
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Standardized  AWS  Classificatron 


^Jectrode 


Special  Characteristics 


current 
penetration 
type  of  flux 
coating 


Tensile  Strength  1,000  Lbs.  Per  Sq.  Inch 


Welding  Positions 

1.  all  positions 

2.  flat  and  horizontal 


E6010  Mild  Steel  Electrode 


of  Travel 

Coating 
Gaseous  Shield 


Slag 


Weld 


Crater 


Penetration  Depth 


Heat  Lines 


Base  Metai 


Electrode 
Wire  Core 


Metal  Droplets 
Arc 


Side 
View 


90° 

End  View  tz 


(5 
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590 


> 
O 
33 


m 


Improperly  Formed  Beads 


Current  High 


ERIC 


Current  Low 
A. 

591 


B. 


Voltage  Low 


Voltage  High 
.  C. 


D. 


1 


Speed  Slow 


Speed  Fast 


mi' 


F. 
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ELECTRIC  WELDING 
UNIT  VI 

JOB  SHEET  #1-START,  STOP,  AND  RESTART  A  BEAD 

I.  Tools  and  materials 

A.  Metal"1/4'^  to  3/8",  4"  x  4" 

B.  Welding  machine  and  accessories 

C.  Welding  helmet  \^ 

D.  Protective  clothing 

E.  E  6010  electrode-1/8"  or  5/32" 

1.  1/8"  -  75-130  amps 

2.  5/32"  ■  90-175  amps 

F.  Current  DCRP  (+)  at  the  electrode 

G.  Chipping  hammer 

H.  Wire  brush 

II.  Procedure 

A.    Start  the  bead 

1.  Adjust  machine  to  desired  welding  current 

(NOTE:  This  desired  current  will  depenti  on  type  and  size  of 
electrode,  and  thickness  of  metal.  Refer  to  Chart  #1.) 

2.  Hold  electrode  perpendicular  to  work  where  weld  is  to  start 
(Figure  1) 


Fir'  ^ 


FIGURE  1 
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3.  Slant  electrode  10°  to  15°  in  direction  of  travel 

4.  Lower  electrode  and  tap  or  scratch  lightly  on  edge  of  plate 
(NOTE:  Thfs  procedure  is  necessary  for  establi^ing  an  arc.) 

5.  Momentarily  raise  electrode  upon  establishment  of  arc 
(NOTE:  This  preheats  the  edge  of  metal  and  prevents  a  cold  sta.t.) 

6.  Lower  electrode  to  correct  arc  length  \ 

7.  Rotate  electrode 

(NOTE:  Rotate  the  electrode  to  build  u^  desired  height  of  bead 
and  to  obtain  desired  width  of  bead.  When  desired  crater  develops, 
move  out  slowly  using  normal  manipulation.) 

B,  Stop  the  bead 

1.  Return  electrode  to  90"  or  perpendicular  to  work 

2.  Reverse  electrode  and  hold  until  crater  fills 

(NOTE:  This  causes  crater  build  up,,  removes  impurities  from 
weld,  and  prevents  crater  from  cracking.) 

3.  Raise  electrode  quickly  when  desired  width  and  height  of  bead 
IS  formed 

C.  Restart  the  bead 

1.  Start"  arc  about  1/2"  to  3/4"  in  front  of  crater 

2.  With  a  long  arc,  move  electrode  back  to  within  1/T6"  of  the 
crater  crown,  fill  to  bead  size,  and  then  resume  normal  travel 
(Figure  2) 


Re-Strike  Here 
Plate 

Crater 


Direction  of  Travel 
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JOB  SHEET  #1 

3.  Fuse  new  crater  into  last  ripple  of  crater 

4.  Maintain  correct  width  of  bead  while  completing  weW 

(NOTE:  Arc  length  is  correct  when  it  makes  a  "frying"  noise. 
The  force  of  the  arc  determines  penetration  and  bead  appearance.) 
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ELECTRIC  WELDING 
UNIT  VI 


JOB  SHEET  #2--MAKE  A  PAD  IN  THE  FLAT  POSITION 

I.  Tools  and  materials 

/>     Mild  steel  metal  3/8"  thick,  6"  by  6" 

B.  Welding  machine  and  accessories 

C.  '  Welding  heJmet  ^ 

D.  Protective  clothing 

E.  E-60t0  electrodes -1/8"  or  5/32" 

«  1.       1/8" -75-130  amps 
2.       5/32'' -90- 175  amps 

F.  Current  DCRP  (+)  at  the  electrode 

G.  Chipping  hammer 

H.  Wire  brush 

I.  Pliers 

II.  Procedure  ^ 

A.  Set  welding  machine 

B.  Prepare  and  place  metal  in  flat  position 

(NOTE*  Remove  all  dirt,  grease,  and  mill  scale  from  surfaces  of  metal.) 

C.  Run  a  straight  bead  near  edge  of  plate  (Figure  1) 

FIGURE  1  *  ' 

Bead 


Travel 


End  View 


(NOTE:  For  the  first  bead,  the  electrode  should  be  held  almost  vertical. 
Do  not  use  side  angle.) 


(CAUTION:  Avoid  burning  off  edge  of  plate.) 
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D.  After  laying  first  bead,  chip  and  brush  it  clean  and  check  surface 

tflK)TE:  The  surface  appearance  should  be  smooth  and  even.  Che^k  for 
pinholes,  crater  holes,  slag  holes,  or  indications  of  i  proper  starts  and  stops.. 
Also,  checking  the  bead  will  identify  if  current  needs  to  be  changed.) 

E.  Reverse  travel  and  run  addittonal  beads,  remember  tp  overlap  at  ieast  the^ 
first  one-third  of  the  previous  bead  (Figure  2)  ; 


FIGURE  2 

10'-15*  Side  Angle  ' 
for  Remaining  Beads 


Stop  and 
everse  Travel 


i  I 


End  View 


Crater 


P'dte 


Electrode  Travel 


(NOTE:  The  electrode^ should  be  held  at  10''  to  IS*"  to  the  §ide  for  this 
bead  and  all  other  beads.) 

F.  Clean  each  pass  thoroughly  before  overlapping  with  another  ^ 

(NOTE:  This  will  insure  a  sound  deposit  with  proper  .penetration  and  no 
slag  holes.) 

G.  Fuse  each  pass  with  base  metal  as  well  as  with  the  preceding  pass  (Figure 
3) 

(NOTE:  Alternate  travel  direction  for  each  pass.) 
FIGURE  3 

Proper  Overlap     '  Too  Much  Overlap  Not  tnough  Overlap 


PROPER  BEAD  LAP 


End  View 


IMPROPER  BEAD  LAP 


(NOTE:  Th^  overlapping  beads  should  produce  a  comparatively  sm^ooth 
surface  withput  noticeable  "valleys"  between  passes,) 

H.    Continue  running  beads  until  pad  is  full 

L     Ckan  the  piece  of  metal  thoroughly  and*  have  instructor  inspect 
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ELECTRIC  WELDING 
UNIT  VI 


JOB  SHEEJ  #3--MAKE  A  SQUARE  GROOVE  BUTT  WELD 

y 

TqoIs  and  nnateria's 

A.  Two  pieces  of  nnetal  3/16"  to  1/4"  thick,  2"  wide,  and  6"  'ong 

B.  Welding  nnachines  and  accessories ' 

C.  Welding  helnnet 

If 

D.  Protective  clothing 

E.  E-6010--1/8"  or  5/32" 

s 

1.       1/8" -75-130  amps 
2.       5/32"--90-i75  amps 

F.  Current  DCRP  (+)  at  the  electrode  ' 

G.  Safety  goggles 

H.  Chipping  hammer 

I.  Wire  brush 
Procedure 

A.  Adjust  welding  machine  to  correct  welding  current 

B.  Prepare  metal  for  welding  by  removing  dirt,  grease,  or'  mill  scale 

C.  Place  metal  together  parallel  to  each  other,  leaving  a  space  3/32" 

(NOTE:  The  proper  space  can  be  determined  by  placing  theH)are  end  of 
a  3/32"  electrode  between  the' two  pieces  of  metal.) 
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JOB  SHEET  #3 
D,    Tack  weld  pieces  together  at  both  ends  (Figure  1) 


3/32" 


F.    Chip  slag,  brush  weld,  and  check  for^connplete  penetration  at  the  root  of 

weld 


s 
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ELECTRIC  WELDING 
UNIT  VI 


JOB  SHEET  #4  -MAKE  A  MULTIPLE  PASS  T-JOINT  FILLET  WELD 


II. 


I.    Tools  and  materials 

A.  Arc  welding  station  and  required  tools 

B.  Mild  steel  plate-2  pieces  1/4"  to  3/8",  3"  x  6" 

C.  Electrode  E-5010  1/8"  or  5/32" 

1.  1/8"  ■  75-130  amps 

2.  5/32"  -  90-175  amps 
D  Current  DCRP  (+)  at  electrode 
E.     Protective  clothing 


Procedure 


Adjust  welding  machine  to  correct  current  and  amperage 
Position  plates  on  table  to  form  a  T-joint 
Tack  plates  on  each  end  and  remove  slag 

For  first  bead,  angle  electrode  45°  from  vertical  plate  and  5''-10°in  direction 
of  travel  (Figure  1) 


Multiple  Pass  Fillet  Weld 


FIGURE  1 
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E.  Strike  arc  at  end  of  plate  holding  a  high  arc  for  1  or  2  seconds 

(NOTE:  This  allows  for  the  end  of  the  metal  plates  to  heat  prior  to 
depositing  the  proper  beads  and  prevents  cold  lap.) 

F.  Move  electrode  to  opposite  side  of  T-joint  and  start  depositing  second  bead 
using  same  angle  used  in  bead  one 

G.  Deposit  beads  about  two  times  wider  than  electrode  diameter 

(NOTE:  Remember  to  alternate  passes  from  one  side  to  another  of  T-joint 
to  min'Tiize  distortion  of  the  plates.  See  Figure  2.)  '  r 


Keep  Bead  Dimensions  Constant 

H.    Remove  slag  from  bead  one  and  two 

(NOTE:  Keep  each  bead  dimension  constant.  It  is  necessary  to  overlap  beads 
more  than  seems  necessary  to  avoid  laying  too  much  on  bottom  by  side 
of  joint.) 

i.     Deposit  bead  three  using  a  SO''  angle  from  horizontal  plate  with  the  electrode 
slanting  5°  to  10°  in  direction  of  travel  (Figure  3) 


Deposit    Beads  on  Alternate  Sides  to  Minimize  Distortion 
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JOB  SHEET  #4 

J.     Deposit  bead  four  using  same  angle  as  used  in  depositing  bead  three  (Figure 
4) 


K.    Deposit  bead  five  using  a  70°  degree  angle  fronn  vertical  plate  with  the 
electrode  slanting  5°  to  10^  in  direction  of  travel  (Figure  5) 
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L.     Deposit  bead  six  using  same  angle  as  used  in  bead,  five  (Figure  6) 


ERIC 
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ELECTRIC  WELDING 
UNIT  VI 


TEST 


Match  the  terms  an  the  right  to  the  correct  definitions. 


a. 

Exposed  surface  of  a  weld,  made  by  an 

1. 

Whipping 

arc  or  gas  welding  process,  on  the  side 

from  which  welding  was  done 

2. 

Shielded  metal 

arc  weldinn 

b. 

Arc  welding  process  wherein  metals  are 

united  by  heating  with  an  electric  arc 

3. 

Weld  metal 

between  a  coated  metal  electrode  and 

the  metal 

4. 

Weaving 

c. 

Depression  at  the  termination  of  a  weld 

5. 

Undercut 

d. 

Distarrce  from  the  end  of  the  electrode 

6. 

Base  metal 

to  the  point  Where  the  arc  makes  contact 

wkh  work  surface 

7. 

Puddle 

e. 

Metal  to  be  welded  or  cut 

8. 

Arc  length 

f. 

Fusible  material  or  gas  used  to  dissolve 

9. 

Tack  weld 

and/or  prevent  the  formation  of  oxides, 

nitrides,  or  other  undesirable  inclusions 

10. 

Crater 

formed  in  welding 

11. 

Spatter 

g- 

That  portion  of  a  weld  that  is  molten 

at  the  place  the  heat  is  supplied 

12. 

Face  of  weld 

h. 

We  1  d  m ade  to  hold  parts  i n  proper 

13. 

Porosity 

alignment  until  the  final  welds  are  made 

14. 

Flux 

i. 

Steel  containing  .20%  or  less  carbon 

15. 

Pass 

j. 

Metal  particles  given  off  daring  welding 

which  do  not  form  a  part  of  the  weld 

16. 

Low  carbon 

steel 

k. 

Single   longitudir^al   progre'ssion   of  a 

welding  operation  along  a  joint  or  weld 

17. 

AWS 

deposit 

18. 

Disposition 

1. 

Gas  ppckets  or  voids  in  metal 

rate 
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'   m.  Term  applied  to  an  inward  and  upward 

movement  of  the  electrode  which  is 
employed  in  vertical  welding  to  avoid 
undercut 

 n.  Groove  melted  into  the  base  metal 

adjacent  to  the  toe  of  the  weld  and  left 
unfilled  by  weld  metal 

o.  That  portion  of  a  weld  which  has  been 
melted  during  .welding 

 p.  Technique  of  depositing  weld  metal  in 

which  the  electrode  is  oscillated 

 ^q.  American  Welding  Society 

"» 

 r.  Amount  of  filler  metal  deposited  in  any 

welding  process;  rate  Is  in  pounds  per 
hour  ( 

2.  Name  four  types  of  arc  welding  rriachines. 
a. 

b. 
c. 
d. 

3.  Distinguish  between  straight  and  reverse  polarity  by  placing  an  "X"  before  the 
statement  that  signifies  reverse  polarity. 

 a.  Current  flows  from  electrode  to  base  metal 

b.  Current  flows  from  base  metal  to  electrode 


4,  Name  the  two  types  of  operating  adjustments  found  on  arc  welding  machines, 
a. 

b. 

5.  Discuss  how  to  test  for  polarity. 
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Name  four  common  types  of  electrodes. 

a.  ^ 

b. 

c. 

d. 

Name  four  common  sizes  of  electrodes. 

a. 

b. 

c. 

d. 

Select  the  statement  which  determines  electrode  size  by  placing  an  "X"  in  the 
appropriate  blank. 

 ^a.  Length  of  electrode' 

 b.  Diameter  of  bare  end  pf  electrode 

 ^c.  Type  of  flux  on  electrode* 

Select  the  purposes  of  flux  coating  on  electrodes  by  placing  an  "X"  in  the 
appropriate  blanks. 

 a.  Stabilizes  arc 

 b.  Makes  arc  starting  difficult 

 ^c.  Shields  molten  puddle  from  air 

 d.  Provides  deoxidizers  and  scavengers  to  prevent  porosity  of  weld  zone 

 ^e.  Keeps  moisture  out  of  filler  metal 

 f.  Fornns  slag  and  slows  cooling 

60  C 


Identify  the  numbers  in  ttie  AWS  electrode  classification, 
a. 


b. 

c.  (. 


Name  five  factors  to  be  considered  when  selecting  an  electrode  for  a  specific 
job  application. 


b. 

c.  . 

d. 

e. 

Select  the  reasons  for  poor  welds  by  placing  an  "X"  in  the  appropriate  blanks. 

 a.  Improper  angle  of  electrode 

 b.  Improper  electrode  and  size 

 c.  Improper  machine  adjustment 

d.  Improper  clamping  of  electrode  in  holder 

e.  Welding  from  left  to  right  with  the  forehand  technique 


607 


f.  Improper  base  metal  prepartion 


g.  Running  a  E-6010  electrode  on  DCRP 

h.  Improper  arc  length 


Identify  the  parts  of  the  welding  process. 


b.  I.  a. 


a.  /-  b. 

c.  d. 

e.  '       ^  f. 
g. 

i.  j- 

k.  I. 
Name  the  two  methods  of  striking  an  arc. 
a. 
b. 

State  the  correct  range  of  lens  shade  number  for  electric  welding. 
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Select  rpasons  for  removing  slag  from  a  weld  by  placing  an  "X"  in  the  appropriate 
blanks. 


a.  Prevents  better  fusion  of  beads 

b.  Prevents  penetration 

c.  Prevents  gas  pockets  and  slag  inclusions  from  forming  in  bead 
_d.  Improves  appearance  of  bead 

e.  Causes  irregular  arc 


Name  three  reasons  for  fusing  one  bead  in  with  another.  v^, 

a. 

b. 

Name  four  factors  that  determine  weld  qualify, 
a. 

b,  ,  ^ 

c. 

d.  '  * 

Identify  the  following  examples  of  improperly  formed  beads  by  telling  what 
caused  each  one. 
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d._ 
20. 


Demonstrate  the  ability  to:. 

a.  Start,  stop,  and.  restart  a  bead. 

b.  Make  a  pad  in  the  flat  position. 

c.  Make  a  square  groove  butt  weld. 

d.  Make  a  muFtiple  pass  T-joint  fillet  weld. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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ELECTRIC  WELDING 
UNIT  VI 


ANSWERS  TO  TEST 


• 

1. 

a. 

12               .  g. 

7  m. 

1 

b. 

2         '  h. 

9  n. 

5 

c. 

10  i. 

16  0. 

3 

d. 

8  j. 

11  p. 

4 

e. 

6   '  k.- 

15            ^  q. 

17 

f. 

14  I.' 

13'       '  r. 

18 

2. 

a. 

AC  (alterirating  current)  transformer  welder 

b. 

AC-DC  transformer  rectifier 

c. 

Motor  generator 

d. 

Engine  generator 

3. 

b 

4. 

a. 

Current  (amperage)  settings 

'  b. 

Polarity 

\ 


Discussion  should  include: 

a.  Weld  a  bead  using  E-6010  reverse  polarity  electrode 

b.  Strike  arc  with  carbon  electrode 
Any  four  of  the  t-  'lowing: 


a.  Mild  steel  v 

b.  Low  hydrogen-low  alloy 

c.  N  on  ferrous 

d.  •  Hard  surfacing 

e.  Cast  iron 

f.  Stainless  steel  ' 
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Any  ?our  of  the  following: 

a,  3/32" 

b,  1/8" 

c,  5/32" 

d,  3.  V 

e,  7/32" 

f,  1/4" 

g,  5/16" 
b 

a,  c,  d,  f 

a.  Electrode 

b.  Tensile  strength  deposited  in  thousand  pounds  per  square 
c      Welding  position 

1)  All  positions 

2)  Flat  and  horizontal 

d      Specjal  characteristics  and  usability  of  the  rod 

1)  Current 

* 

2)  Penetration 

3)  Type  of  flux  ccatir.g 
Any  five  of  the  fol! owing,  * 
a.     Base  metal  strength  properties 
b      Base  metal  composition  ^ 

c.  Welding  position  ' 
a.     Welding  current 

e.  Joint  design  and  fit-up 

f.  Thickness  and  shape  of  base  metal 

g.  Service  conditions  and/or  specification 

h.  Production  efficiency  and  job  conditions 
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12.  a,  b,      f,  h 

13.  a.     Base  metal 

b.  Penetration 

c.  Electrode 

d.  Coating 

e.  Wire  core 

f.  A-c 

g.  Crater 

h.  Slag 

i.  Weld 

j.     Gaseous  shield 
k.    Ten  degrees-fifteen  degrees 
Heat  lines 

14.  a.  Tapping 
b.  Scratching 

15.  9-14 

16.  c,  d 

/.      'a.    'Increases  strength  of  weld 

b.  Improves  appearance  of  bead 

c.  lmpi;oves  penetration 
18.       a.  Amperage 

b.  Length  of  arc 

c.  Speed  of  travel 

d.  Position  of  electrode 
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a.  '  Current  high 

b.  Current  low 

c.  Speed  fast 

d.  Voltage  htgh 

e.  Voltage  low 

f.  Speed  slow 

Performance  skiMs  evaluated  to  the  satisfaction  of  the  instructor 
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PROGRESS  CHART 

Soldering  and  Welding 


Date 


Air  Conditioning 
and  Refrigeration 

Section  E 
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1 

Z 

A 

9 

b 

7 

o 

9 

10 

11 

12 



13 

14 

15 

16 



17  V 

18 

19 

20 

1 
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PROGRESS  CHART 

Soldering  and  Welding 


Air  Conditioning 
and  Refrigeration 
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Section  E 


2 
3 
4 

5 

6 
7 
8 
9 

10 

11 

ii 

13 
14 

IS 

16 

17 

18 

— 
20 
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BASIC  MECHANICAL  REFRIGERATION 
UNIT  I 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  aole  to  identify  compressors, 
evaporators,  condensers,  and  connecting  refrigerant  lines,  select  the  types  of  metering 
devices  and  indicate  the  state  of  the  refrigerant  at  various  points  in  the  refrigeration  system. 
The  student  should  be' able  to  draw  and  assemble  a  basic  refrigeration  system,  label  all 
xo^ponents  and  show  direction  of  refrigerant  flow.  This  knowledge  will  be  evidenced 
through  demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 


After  completion  of  this  unit,  thft-  student  should  be  able  to: 

1.  Match  refrigeration  terms  to  the  correct  definition  or  description. 

2.  Identify  types  of  compressors. 


SPECIFIC  OBJECTIVES 


3. 


Identify  types  of  evaporators. 


4. 


Identify  types  of  condensers. 


5. 


Select  the  types  of  metering  devices  commonly  in  use. 


6. 


Identify  all  connecting  refrigerant  lines. 


7. 


Select  the  ?tate  the  refrigerant  is  in  at  various  points  in  the  refrigeration 
system. 


8, 


Demonstrate  the  ability  to: 


a.    Draw  a  basic  refrigeration  system. 


b.   Assemble  a  basic  refrigeration  systarri. 


• 
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BASIC  MECHANICAL  REFRIGERATION 
UNIT  I  . 


SUGGESTED  ACTIVITIES 

I.  Instructor:  \^ 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information,  assignment,  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information,  assignment,  and  job  sheets. 

F.  Show  students  actual  components  such  as  compressors,  evaporators, 
metering  devices,  and  line  sets, 

1.    Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet.  ^ 

C.  Complete  assignment  and  job  sheets. 

D.  Make  sure  you  are  able  to  identify  the  various  components  by  sight, 
description,  and  application.  ^ 

E.  Take  test.  ^ 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 
A.    Objective  sheet 
8.    Information  sheet 
C.    Transparency  masters 

1.  TM  1  "Hermetic  Reciprocal  Compressors 

2.  TM  2-Semi-Hermetic  and  Open  Reciprocal  Compressors 
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3.  TM  3-iKerm6tic  Rotary  Compressors 

4.  TM  4-Evaporators  r 

5.  '  '    TM  5-Air  Cooled  Condensers 

6.  TM  6--Water  Cooled  Condensers 

7.  TM '7--Metering  Devices 

8.  TM  8-Refrigerant  Lines 
.S.  '    TM  ^-Complete  Basic  Refrigeration  System 

D.  Assignment  Sheet  #1 --9raw  ^a  •  Basic  Refrigeration  System 

/  • 

E.  Job  Sheet  #1-Assemb1e^  Basic^Refrigeration^ System  ^ 

F.  Test  ^  ^ 

G.  Answers  to  test ,  •  * 
References:' 

•A.  Althouse,  Andrew  D.;  Turncfuist,  Carl  H.;  and  Bracciano,  Alfred Modern 
Refrigeration  ancjl^Air  Conditioning.  Homewood.JllinQis:  Goodheart-Willcox 
Company,  Inc.;  1975,  \ 

B.    Weaver,  Michael  K.,  and  Kirkpatrick,  James  M.  En\/ironm§nt  Control.  New 
York:  Harper  and  Row,  1974. 

Additional  references -Laub,  Julian  M.  Air  Conditioning  and  Heating  Practice. 
San  Francisco,  California:  Rinehart  Press^^  1963. 


/ 
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BASIC  MECHANICAL  REFRIGERATION 

UNi:  I 


INFORMATION  SHEET 


rerms  and  definitions 

A.  C.>n  -or-Punnp  of  a  refrigerating  nnechanisnn  which  draws  a  vacuum  or 
low  .^^ure  on  the  coolinq  portion  of  the  refrigerant  cycle  and  connpresses 
the  vap'^rized  refrigerant  into  the  hi^     pressure  side  of  the  systenn 

B.  Reciprocal  connpresso'^-Connpressor  which  u*^9s  a  piston  and  cylinder 
mechanism"  to  provide  pumping  action 

C.  Rotary  compressoi  Compressor  which  uses  vanes,  eccentric  mechanisms,  or 
other  rotating  devices  to  provide  pumping  action 

D.  Hermetic  compressor-Compressor  in  which  the  driving  motor  is  sealed  in 
the  same  welded  dome  that  conta'ns  the  'compressor 

E.  Senr«i-hermetic  compressor-Compressor  in  which  the  driving  motor  is  sealed 
in  the  same  bolted  housing  that  contains  the  compressor 

(NOTE:  This  compressor  may  be  disassembled  for  internal  repair  by 
removing  the  bolts  in  the  housing.) 

F.  Open  compressor-  Compressor  in  which  the  crankshaft  extends  through  the 
crankcase  and  is  driven  by  an  outside  motor 

G.  tvaporato.-'-Part  o^  i  refrigerating  mechanism  in  which  the  refrigerant 
A-iporizes  and  ab'^^rbs  heat 

H.  Shelf-t/pe  evaporator-The  ratngerant  flows  through  a  ser\ez  of  coilc  formed 
tOymake  the  shelves  on  ^hich  products  are  stored 

'NOTE:  Anotiier  variation  of  this  evaporator  is  called  a  plate,  which  has 
i  metal  plate  pressed  onto  the  coils.) 

I.  Siell-type  evaporator-The  evaporator  coils  are  mounted  in  the  walls  of  the 
^  eezer  compartment  which  provides  a  larger  cooling  surface 

Example         Chest  type  freezer 

J.  Fin-type  evaporator- These  evaporators  ha^e  fins  attajhed  to  the  tubing 
which  gives  a  larqsr  cooling  surface 

(NOTE.  These  evaporators  usually  have  a  'in  to  circulate  the  air.) 
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INFORMATION  SHEET 


K,  Conden^.er  Part  of  a  refrigeration  system  which  receives  hot,  high  pressure 
refrigerdnt  vapor  f'^om  the  compressor  and  removtjb  heal  from  the  reft.qerant 
until  It  returns  to  a  liquid  state 

L,  Njtural  convection  condenser-Condenser  which  transfers  heat  to  the 
surround!'  ^  air  by  means  of  natural  air  flow 

(NOTE    This  is  also  called  a  static  condense?,) 

M  Forced  convert. on  condenser  -A  condenser  which  transfers  heat  to  the 
surrounding  air  through  the  use  of  a  fan  or  blower 

(NOTE    This  IS  also  called  a  forced  air  condenser,) 

N.    Tube  with  n  a  luhe  con  denser-  Condenser  which  is  constructed  by  placing 

♦ 

one  tube  ms»de  a  second  tube 

(NOTE  The  outer  tube  circulates  re^nqt  ,  :jnt  while  the  inner  tube  circulates 
the  corhng  wa  ^r  in  opposite  directions,  also  referred  to  as  counlerflovv,) 

0  Shell  and  tube  condenser  -Hot  vaporized  refrige'-ant  is  fed  into  the  top  oi 
the.shpli  and  ^Otnes  into  contact  with  the  cool  waier  tubes  ana  condenses 

the  rcft^Kierant 

P      Fvof'orative  condensor  A  device  which  uses  open  spray  or  spilled  water  to 

roj'  a  conJpf^siT 

Q  ^ipte'-inq  dcvicf^  Any  device  that  meters  or  regulates  the  flow  of  hquid 
refr  nt^rant  to  an  e';a():jnto'  and  aif.o  civides  the  high  ^nm  ti  e  I as/# pressure 

ie   of   ttte  'jy'StC^I 

f^.    Cafvi'cir/  tut)e-  Re^r'-jerint  cofitrol  co'^Siblirq  of  a  predeterniineo 

Wni]lY,  of  .tut^nq  havir^g      S'imM  lOSide  dianvter 

S      ""lipffnosc^tu.  o\f;dn>ior.  Vcvve-  A  metering  devi  >  operated  by  temp^^rature 

T  Auron^fit'c  f'xn.ini^!c>n  vn^ve  A  f)res5UMi  controlled  metering  device  whirh 
optfutes  in  response  to  evaporator  pressure 

U  Re'frjqerant  lines  Lines  -^ntjuired  to  carry  the  refr-gerant  li(]uid  and  vapor 
hetvveon  t^ir.  system  ^on^pjnents 

(NO^F    "^huse  lines  jre  made  of  copper,  steel,  aluminum,  or  rubber.) 

V.  Pefr iq'jrj'jt  A  siibstar^ce  u«;»-?d  ir^  refrigeratmg  mechanisms  to  absorb  ^e^t 
If.  the  evaporator 
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INFORMATION  SHEET 
P 

W.    Vapor^  state-State  X)f  refrigerant  that  has  absorbed  a  maximum  amount  of 
heat 

(NOTE:  Heat  laden  refrigerant  should  be  referred  to  as  being  vapor  rather 
than  gas.) 

X,     Liquid  state-State  of  refriqerant  that  can  absorb  ar  additional  amount  of 
heat 

Types  of  compressors  (Tran-.^arencies  1,  2   and  3) 

A.  Reciprocal 

1  Hermetic 

2,  Semi-hermetic 

3.  Open 

B.  Rotary 

(NOTE.  All  rotary  comp.^sso'S  in  general  use  are  hermetic.) 

Types  of  evaporators  (Transparency  4) 

A.    Shelf-type  evaporator 

(NOTE'  Shelf-type  evaporators  are  found  ir  domestic  and  commercial 
refrigerators  and  freezers.) 

3.     Shell  type  evaporcnor 

(NOTE.  Snell-type  evaporators  are  found  in  domestic  refrigerators  ard 
freezers  and  commercial  freezers.) 

C.  Fin  lype  evaporate 

(NOTE:    Fin-type  evaporators  are  found  in  domestic  and  commercial 
refrigerators,  freezers,  and  air  conditioners.) 

Types  of  condensers  (Transparencies  5  and  6) 

A.    Air  cooled 

1  Natural  convection  (static) 

2  Forced  convection  (blower) 

C2b 
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B.    Water  cooled 

1.  Tube-within-a-tube 

2.  Shell  and  tube 
^  3.  Evaporative 

V.  Metering  devices  (Transparency  7) 

A.  Capillary'  tube 

B.  Thermostatic  expansion  valve 

C.  Autorr^aiic  expansion  valve 

VI.  Refrigerant  lines  (Transparency  8) 

A.  Discharge  line 

B.  Liqu'd  line 

C.  Suction  hne 

VII.  State  of  refrigerant  (Transparency  9) 

A.  Vapor 

1.  Outlet  of  evaporator 
2        Compressor  dome 

3.  Suction  line 

4        Discharge  line 
5.       Toy  of  conder 

B.  Liquid 

1        Bottom  of  condenser 

2.  Liquid  Ime 

3.  Inlet  of  evaporator 


U 
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Hermetic  Reciprocal  Compressors 


Domestic  Refrigerators 
and  Freezers 


Window  Air  Conditioners      Centra'  Air  Conditioners 


Semi-Hermetic  and  Open  Reciprocal  Compressors 


Semi-Hermetic 


Open 
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Hermetic  Rotary  Compressors 


Domestic  Refrigerator?  and  Freezers 
Commercial  Ice  Makers 


Air  Cooled  Condensers 


Natural  Convection  (Static) 


Forced  Convectidn 
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Air  In 
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Water  Cooled  Condensers 


75°  Water  Out 
60°  Water  In 


Liquid  Refrigerant  Out  


Bring  Devices 


Thermostatic  Automatic 
Expansion  Valve  Expansion  Valve 
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Refrigerant  Lines 

Refrigeration  Cycle 


o  tJ     5     '     B    o     ™  w 


Evaporator 


^ 


Suction  Line-^ 


Drier 
Compressor 


Capillary 


■■IliUI 


Liquid  Line- 


Discharge  Line 


Vapor-High 
Pressure 

Liquid-High 
Pressure 


Vapor+Liquid-Low  Pressure 
Vapor-Low  Pressure 
Dil 
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Complete  Basic  Refrigeration  System 


Refrigeration  Cycle 


Compressor 


Capillary 


Liquid  Line-^ 


Condenser 


Discharge  Line 


]  Vapor-High 
Pressure 


Liquid-High 
Pressure 


1  Vapor+Liquid-Low  Pressure 
Vapor-Low  Pressure 
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BASIC  MECHANICAL  REFRIGERATION 
UNIT  I 


ASSIGNMENT  SHEET  #1--DRAW  A  BASIC  REFRIGERATiOK  SYSTEM 


Draw  a  complete  basic  refrigeration  system,  identify  the  components,  and  show  the 
direction  of  refrigerant  flow. 
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BASIC  MECHANICAL  REFRIGERATION 
UNIT  1 

JOB  SHEf 

ET  #1- ASSEMBLE  A  BASIC  REFRIGERATION  SYSTEM 

I.    Tools  and 

fnaterials 

A 

A. 

Tools 

1. 

Tape  measure 

9 

Flare  nut  wrenches 

o. 

Swage  punch 

4^ 

Ball  peen  hammer 

*j . 

Outside  calipers 

6. 

Flaring  tool  and  block 

7 
/. 

Tubing  benders 

p 
O. 

Torch 

• 

9. 

Tut)ing  cutter 

B. 

Mater 

als 

1. 

Compressor 

2. 

Condenser 

3. 

Eva  porator 

4 

Metering  device 

5. 

Copper  tubing 

6. 

Flare  nuts 

7. 

Solder 

8. 

Sand  cic  ^ 

9 

Flux 

)}.  Procedure 

• 

A. 

Positi 

on  components 

i;  ^  • 
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JOB  SHEET  #1 

B.  Construct  liquid  line 

1,  Measure  length  and  diameter  of  liquid  line 

2,  Cut  from  stock 

3,  Ream  both  ends 

4,  Flare  one  end  if  needed 

5,  Place  flare  nuts  on  tubing 
6  Flare  other  end  if  needed 
7.       Swage  ends  if  needed 

8        Bend  tubing  to  fit  system  if  needed 

(NOTE'  All  bends  should  be  made  with  bender.) 

C.  Make  suction  line 

1.  Measure  length  and  diameter  of  suction  line 

2.  Cut  from  stock 

3.  Rpam  both  ends 

4  F!are  one  end  if  needed 

5  Place  flare  nuts  on  tubing 

6  Flare  other  end  if  needed 

7  Sw?ge  ends  if  needed 

8  Bend  tubmg  to  fit  system  if  needed 

(NOTE    All  bends  should  be  made  with  bender,) 

D.  Make  discharge  line 

(NOTE  Di  charge  line  may  be  supplied  as  part  of  the  condensing  unit 
If  so,  this  step  may  be  eliminated.) 

1         Measure  length  and  diameter  ot  v^ischarge  line 

2,  Cut  from  stock 

3,  Ream  both  ends 
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JOB  SHEET  #1 

4.  Flare  one  end  if  needed 

5.  Place  flare  nuts  on  tubing 

6.  Fiare  other  end  if  needed 

7.  Swage  ends  if  needed 

8.  Bend  tubing  to  fit  system  if  needed 

(NOTE.  All  bends  should  be  made  with  bender.) 

E.  Solder  swage  joints  ^ 

(NOTE.  Instructor  will  designate  type  of  solder  to  be  used.) 

F.  Clean  solder  joTts 

G.  Connect  liquid  line 

1 .  Outlet  of  condenser 

2.  Inlet  of  metering  device 
Connect  suction  line 

1 .  Outlet  of  evaporator 

2,  Suction  side  of  compressor 
L     Connect  discharge  line 

(NOTE*  If  discharge  line  is  factory  installed  this  step  will  be  eliminated. 
1.       Discharge  of  compressor 
2        Inlet  of  condenser 
J.     Have  instructor  check  your  work 

K.    Do  not  disasi;emble  this  system,  it  will  be  used  in  the  next  unit 
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BASIC  MECHANICAL  REFRIGERATION 
UNIT  I 


TEST 


Match  the  terms  on  .the  right  to  the  correct  definition. 


a.  Any  device  that  meters  or  regulates  the 
flow  of  WqUid  refrigerant  to  an 
evaporator  and  also  divides  the  high 
from  the  low  pressure  side  of  the  system 

_b.  Part  of  a  refrigeration  system  which 
receives  hot,  high  pressure  refrigerant 
vapor  from  the  compressor  and  removes 
heat  from  the  refrigerant  until  it  returns 
to  a  liquid  state 

_c  State  of  refrigerant- that  has  absorbed  a 
maximum  amount  of  heat 

_d.  Compressor  which  uses  vanes,  eccentric 
mechanisms,  or  other  rotating  devices  to 
provide  pumping  action 

e.  The  refrigerant  flows  through  a  series  of 
coils  formed  to  make  the  shelves  on 
which  products  are  stored 

f.  Compressor  in  which  the  driving  motor 
is  sealed  in  the  same  welded  dome  that 
contains  the  compressor 

_g.  Lines  required  to  carp/  the  refrigerant 
liquid  and  vapor  between  the  system 
components 

_h.  Compre^jsor  in  which  the  driving  motor 
IS  sealed  in  the  same  bolted  housing  that 
contains  the  compressor 


Condenser  which  is  constructed  by 
placing  one  tube  «nside  a  second  tube 

Refrigerant  control  usually  consisting  of 
a  predetermined  length  of  tubing  having 
a  small  inside  diameter 


1 

Muiomatic 

expansion  valve 

2. 

Natural  convection 

condenser 

J. 

Refrigerant 

lines 

4. 

Tube-wit  hin-a-tube 

condenser 

5. 

Refrigerant 

6. 

Evaporative 

condenser 

7. 

Vapor  state 

8. 

Capillary  tube 

9. 

Liquid  state 

10. 

Compressor 

11. 

Fin-type 

evaporator 

12. 

Hermetic 

compressor 

13. 

Reciprocal 

compressor 

14. 

Shell-type 

evaporator 

15. 

Condenser 

16. 

Rotary  compressor 
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k.  State  of  refrigerar^t  that  can  ^absorb  an 
additional  amount  of  heat 

I.  Compressor  which  uses  a  piston  and 
cylinder  mechanism  to  provide  pumping 
action 

m.  The  evaporator  coils  are  mounted  in  the 
walls  of  the  freezer  compartment  which 
provides  a  larger  cooling  surface 

n.  A  condenser  which  transfers  heat  to  the 
surrounding  air  through  the  use  of  a  fan 
Of  blower 

_o.  A  pressure  controlled  metering  device 
which  operates  in  response  to  evaporator 
pressure 

p.  A  substance  used  in  refrigerating 
mechanisms  to  absorb  heat  in  the 
evaporator 

_q.  These  evaporators  have  fins  attached  to 
the  tubing  which  givets  a  larger  cooling 
surface 

_r.  Compressor  in  which  tfye  crankshaft 
extends  through  the  crankcase  and  is 
driven  by  an  outside  motor^ 

_s.  Part  of  a  retrigerating  mechanism  in 
which  the  refrigerant  vaporizes  and 
absorbs  heat 

_t.  Pump  -  of  a  refrigerating  mechanism 
which  draws  a  vacuym  or  low  pressure 
on  the  cooling  portion  of  the  refrigerant 
cycle  and  compresses  the  vafiorized 
refrigerant  into  the  high  pressure  side  of 
the  system 

_u.  Hot  vaporized  refrigerant  is  fed  into  the 
top  of  the  shell  and  cumes  into  contact 

\  with  the  cool  water  tubes  and  condenses 
the  refrigerant 

_v.  Condenser  which  transfers  heat  to  the 
surrounding  air  by  means  of  nati:^al  air 
'  flow 


17.  Forced  convection 
condenser 

18.  Shelf-type 
evaporator 

19.  Shell  and  tube 
condenser 

20.  Senni-hermetic 
connpressor 

21.  Metering  device 

22.  Open  compressor 

23.  Thermostatic 
expansion  valve 

24.  Evaporator 


w.  A     metering     device     operated  by 
tempprature  and  pressure 

X,  A   device   which  uses  open  spray  or 
spilied  vvater  to  cool  a  condenser 
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Select  the  type^  of  metering  devices  commonly  in  use  by  placing  an  "X"  in 
the  blank. 

 a    Low  Side  float 

 _b.  Capillary  tube 

 c    Thermostatic  expansion  valve 

 d    Automatic  expansion  valve 

 e    Htgh  side  float 

 f.   Orifice  ' 

^g.   Hand  valve 


6.        Identify  all  connecting  refrgerant  lines. 
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7.  Select  the  state  of  the  refrigerant  from  the  following  list  by  olacing  "liquid" 
or  "vapor"  in  the  correct  blanks. 

 a.  Discharge  line 

 b.  Top  of  condenser 

 c.  Bottom  of  condenser 

 d.  Liquid  line 

 e.  Inlet  of  evaporator 

 f.  Outlet  of  evaporator 

 g.  Suction  line 

 h.  Compressor  dome 

8,  Demonstrate  the  ability  to: 

a.  Draw  £  basic  refrigeration  system 

b.  Assemble  a  basic  refrigeration  system 

(NOTE  If  these  activities  have  not  been  accomplished  p  'or  to  the  test,  ask 
the  instructor  when  they  should  be  completed.) 
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BASIC  MFXHANICAL  REFRIGERATION 
UNIT  I 


ANSWERS  TO  TEST 


a  21 

b.  1 5 

c  7 

d  16 

e.  18 

f.  12 


3 

20 

4 

8 


k.  9 
I.  13 


2.       a.  Reciprocal -Hermetic 

b.  Reciprocal -Open 

c.  Rc*  "Y 

d.  Reciprocal- Semi  hermetic 
e  Reciprccal -He  metic 

f  Roiary 

3  a  Fin-type  evaporator 
b.  Shelf-type  evaporator 
c  Sheli-type  evaporator 

4  a  Forced  convection  (blower) 
b  Natural  convection  (static) 
c  Shell  and  tube 

d  Tube-w'thin-d  tube 

e.  'vctpoiative 
B  b,  c  d  ■  • 
6.  Suction  !ine 

n  Discharge  line 

c  Liquid  tiiie 


m,  14 

n.  17 

o.  1 

p.  5 

q.  11 

r.  22 


u. 


w 


10 
19 
2 

23 
6 
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7.  3.  Vapor 
b.  Vapor 
c  Liqusd 
d  Liquid 
e.  Liquid 
f  Vapor 
{].  V-apor 
h  Vapor 

8,  Pertormcince  skills  evaluated  to  the. satisfaction  of  the  instructor 


I 
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;\EFRiGERANT  SYSTEM  ACCESSORIES 

UNIT  II 

UNIT  OBJECTiVE 

After  complei'on  of  this  unit,  the  student  should  be  abte  to  march  terms  associated  with 
refrigerant  system  accessories  to  the  correct  definitions  or  descriptions.  He  should  also 
be  able  :o  »dentify  the  seven  common  accessories  and  their  lo^dtion,  select  the  purpose 
of  each  accessory,  and  descnbe  the  types  of  service  valves.  Tins  knowledge  will  be  evidenced 
through  demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 

SPECIFIC  Oi^JECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1  Match  terms  associated  with  refrigerant  system  accessories  to  the  correct 
defmitions  or  descriptions. 

2  Identify  refrigerant  system  accessories. 

3,       Select  the  purposes  of  each  .ofrigerant  system  accessory, 

4  Distinguish  oetween  factors  in  selecting  a  liquid  line  filter-dner  and  a  suction 
line  filter-drier 

5  Descr'be  the  types  of  service  \/a!ves 

6.       Locate  and  identify  the  refrigerant  system  accessories. 
7        Demonstrate  the  abihty  to 


a 

Install 

a  filt?r-drier  with  f'are  fittings. 

o 

Install 

a  filter-dfier  with  sweat  fitting.. 

c 

install 

a  capillary  tube  into  a  filter-drier. 

d 

Install 

a  liquid  indicator  with  fla''  fittings 

e 

Use  a 

* 

btem  type  sen/ice'  valve. 

install 

d  l«ne  tap  service  valve. 

Cj 

Install 

an  access  cor3  type  service  valve. 
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REFRIGERANT  SYSTEM  ACCESSORIES 
UNIT  II 

SUGGESTED  ACTIVITIES 

Instructor 

A     P-^ovide  student  witn  objective  sheet. 

B.     Provide  student  with  infornnation  and  job  sheets. 

C     Make  transparencies 

D-    Discuss  uoit,  and  specific  objectives. 

E      Discuss  infurniatiori  sheet. 

P.     Demonstrate  and  discuss  th^  procedures  outlined  in  the  job  sheets. 
G-    Show  the  students  the  actual  components  on  refrigeration  systems, 
H     Locate  old  components  and  make  cutaways, 
f      G«ve  test 
Student 

A.    Read  objective  sheet 
B     Study  ip^'ofmation  sheet 
C     Complete  ]cb  sheets, 
D     Take  test 

INSTRUCTIONAL  MATERIALS 

Ircl'jdf^d  .n  this  unit 
A,     Objective  shf^t* 
B      Informatf^fi  sheet 
C      Tf an5paren:.y  .-ndsters 

1  TIV;  1- Liquid  Line  rilter-Dners 

2  TM  2  Suction  Line  ^ilter  Urier-j 
• 
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3  TM  3  LK,uifi  Indicators  and  Moisture  Indicators 

4  TM  4  ReceiVL.s 

5  TM  5  Stnvice  Valves 

6  TM  6  St'ction  Line  Accumulator  and  Vibration  Eliminator 

7  TM  7  Three  Positions  of  the  Stenn  Type  Service  Valve 

8  TM  8  Access  V^lve  Core  Remover  and  Replacer 

9  TM  9 -Refrigerant  System  Accessories 
D,    Jot)  sheets 

1  Job  Sheet  -1  -Install  a  Filter-Drier  with  Flare  Fittings 

2  Job  Sheet  ^2  Install  a  Filter-Drier  with  Sv^^eat  Fittings 

3  Job  Sheet  ^3-lnstali  a  Capillary  Tube  into  a  Filter-Drier 

4  Job  Sheet  -4 -Install  a  Liquid  Indicator  with  Flare  Fittings 

5  Job^ Sheet  ^5  Use  a  Sten   Type  Service  Valve 

6  Job  Sheet  ^6-  Install  a  Li^e  Tap  Service  Valve 

7  Jot)  Sfu?et  -7  Insta'i  ar;  Access  Core  Type  Service  Valve 
E  r-si 

F      An^  vers  to  trist 
1 1  Rt,'ferf'nct'^ 

A     Atttvjuse,  Ancirew  D  ,  Turnquist,  Carl  H  ,  and  Brd||C'ano,  Alfred  F.  Modern 
Rt^fnqefcUiof}        and      An       Conditioning        Homewood,  Illinois 

Goo(il^.f\jrt  Wtlicox  Co,  1975 

B      Sui  tinr)  Linr  Filter  Drit-rs     Bulletin  40-15   St.  Louis,  Nfissourr  S[;orlan 
Vdivt>  Co    August  1974 

C     M()i<;tufp  jrni  Liquid  Indiotur    Bulletin  70-10  St  Louis,  Missouri*  Sporlan 
Valve  Co  ,  Nov'entvr  1972 

D     Su(^:(v)  Filler     Bulletin  SOW  St    Louis,  ^yllSsoun.  Sporlan  Valve  Co., 
Oct()i)er  1973 
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REFRIGERANT  SYSTEM  ACCESSORIES 
UNIT  II 

INFORMATION  SHEET 

I     Terms  and  definitions  or  descriptions 

A.    Absorb  -Abihty  of  a  substance  to  take  up  another  substance 

B     Adsorb -Ability  of  a  substance  to  hold  another  substance  on  its  surface 
without  causing  a  chemic<il  change 

C.  Desiccant -Chenriical  substance  in  a  fiiter-drier  that  either  adsbrbs  or  absorbs 
contaminants 

D.  Drier-  Device  in  refrigeration  system  which  contains  dessicant  fcr  the 
^          removal  of  moisture  from  the  refrigeiant,  usually  :n  the  liquid  line 

(NOTE  These  driers  are  generally  directional  which  will  allow  the 
refrigerant  lo  flow  m  one  direction,  but  some  small  capacity  driers  are 
ncndirectioncL) 

E      Front  seat-Turning  the  stem  of  a  stem  typo  valve  clockwise  until  the  valve 
stern  stops 

(CAUTION.    Never   front   seat   the  discharge   service  valve   when  the 
compressor  is  runninn  ) 

F      Back  seat  Turning  the  stem  of  a  stem  type  valve  counterclockwise  until 
the  valve  stern  stops 

(NOTE    This  IS  the  position  the  valva  is  in  for  normal  operation  ) 

G     Cracked  Turning  the  stem  of  a  stem  type  valve  clockwise  one  half  to  o\^e 
full  turn  from  a  back  seated  position 

(NOTE   This  IS  th*^^  position  normally  used  when  servicing  the  refnyeration 
s/stem  )  '  ^ 

H     King  va!^e  (receiver  service  valve)-Steni  type  valve  iucated  at  the  outlet 
of  the  receiver 

I.      Litiuid  line  vdU'H  Thre-- ;vay  stem  v/f)e  bervire  valve  located  ;n  the  liquid 
'  line  and  used  -or  nump  down  'or  servicing 

J,     P;;:i  .  Ffont  sealing  the  king  valve  or  liquid  line  valve  to  capt'jre 

X\\v  r^'fntjti'^cMt  in  tlie  hujh 'side 
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Pre:5hur!'  stub  {f)rocess  tube)- Short  piece  of  tubing  attached  to  the 
roff hjefHTioM  system  for  {\\e  purpose  of  pressure  readings 

it\OTE    Thesp  are  sometimes  called  chargmg  stubs,) 

Refriyera^tt  filter-Device  for  removing  foreign  particles  from  the  refrigerant 

(^iOTE    rh»s  device  is  usually  an  integral  part  of  the  drier.) 

4nqo'ant  j^/steni  accessories 

L'(]uid  line  f lUer-driers  (Transparency  1) 

1  Flar;^ 

2  Swpat 

<NOTE  Tfierp  are  two  types  of  sweat  filter^dners.  One  is  used 
;r'rror.l\  on  cpntrai  air  conditioning  units  and  one  is  used  on 
duniest"    lefrKjerators  ) 

ouctJOf  line  fiitc^dners  (Transparency  2) 

1  F'dre 

Li  ,i.id  inuicitor'^  (Trr.n.o[)areMf  ,  3) 

1  riarf> 

2  S'vveat 

(MOTE  The^o  aa}  different  designs  of  the  sweat  hqu^d  indicator, 
and  they  -^re  commoniy  refened  to  as  sight  glasses) 

M';(^;Mjrf'  I'ldiCatOr'^. 

'\01E    Th*  *w"  mtp  ?n  in'e(]'al  part  of  some  iiquid  indicators; 

1         V'Ju^       '-'inq  or  '-^ce'v^r  service  va've 
7'         Vsin^  k\\i(]  or  rereivp''  :»f''"vice  Vdive 

^ 
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2  Arct^ss  core  tyf)e 

(NOTE    These  vaives  are  commof.v  called  Sc^^  'der  valves) 

3  Line  \Zk\» 

G     Surtion  line  accutiiuldtor 

H     Vibration  elimindtor  (Transparency  6) 

(NOTE  A  vibration  Jiminator  is  always  installed  »n  tlie  refrigerant  line 
parallel  to  the  crankshaft  ) 

hi     Purposes  of  refrigerafit  system  accessories 

A      LiCjUid  hne  filter  drier 

1  Adsorbs  and/or  absorbs  moisture 

2  Catches  foreign  matter 

3  Adsorbs  acids 
B      Suction  line  filter -dner 

1  Adsorbj  actd 

2  Miflu  m  Co  t^^'f'j  toreigr)  matter  and  sludge 
LiiiLnd  indiCritor 

1  Provt.'le^  cu.  easy  me  Uiod  for  checking  amount  of  refrigerant 
charqp 

(r\jOrE  ReirivjfTdnt  cliarge  is  checked  by  cnecking  for  a  solid 
{V)iunH^  of  hatitd  refrigerant  in  the  glass  Vapor  bubbles  in  t!j| 
re^fuierdtu  may  indicr^te  a  si^ortaqe  of  refrigerant  ) 

2  Pfjvides  d  convenient  nolder  tor  the  moisture  indicator 

[)      Moisture  .rnn'OJtors  Cfiannc  ii^.  color  ni''  indicdte  that  tfiere  r  mc  isturdj tn 
WW  rcf r  Hjt'rjt!(/'1  ^. /st^'in 

'N'OTr  DuitTt-H  n),Kiiif  j{jiiiM>f b  (  heniicdis  that  wilt  change  different 
i.<;ii-r^  to  indtrjtt'   \  '     -t"  or  "fjry"  condition) 


INFORMATION  SHEET 

E  Receiver 

1.       Storage  tonk  for  liquid  refrigerant 

2        Insures  that  ample  liquid  refrigeiant  will  be  available 

3.  Not  used  on  rapillary  tube  systems 
F      Serv'ce  valves 

1  A  port  for  conne^jng  the  refrigeration  gauge  set  to  the  system 

2  Used  when  checking  system  pressures 

3  Used  when  pressurizing  the  system 

4.  Used  when  evacuating  the  sysvem 

5  Used  when  charging  the  system 

6  Used  when  pumping  down  the  system 
7.       Used  for  system  isolation 

G     Suction  line  accumulator 

1  Holds  ^xcess  liqLJid  refngerant  from  the  evaporator 

2  Aids  in  preventmg  liquid  refrigerant  from  enter  .  'ction 
side  of  the  compressor 

H      Vihration  eliminator 

1  Absorbs  refngfr^nt  line  "vibration 

2  ^Aids  in  preventing  thij  lines  frvom  becoming  loose  or  breaking 
J^actors  in  selertiny  a  filter  drier 

A      Lu'iiiH  i.ne  filter  driers 

1  Moisture  remov:i!  c>ci}.-acitv 

2  Amount  ()t  refrigerant  flow 
J         i~nter  nred 

4  Type  of  I'ne  (cnnection 

5  Size  of  line  connecuon 


INFORMATION  SHEET 


ACR  I  -  51-F 


B      Suction  line  filter  cirier? 

1         Ty()e  uf*  refnqerant  in  system 

2.       Compressor  size  in  horsef)ower 

3        Si/e  of  suction  line 

V.    Service  valves  ^ 

A,     Stem  type 

^  1,       Permanent  part  of  the  system 

2,       Three  valve  positions  (Transparency  7/ 

a.     Back  seated  for  normal  operation 

^  b.     Cracked  for  checking  pressures  and  servicing 

c      Front  sealed  for  isolating  the  compressor  and  pump  down 

(CAUTION.  Never  front  seat  the  discharge  service  valve  when 
the  compressor  is  runnmg.) 

B     Access  core  tvpe 

'1,       No  valve  stem  for  shut  OfT 

>  2        May  uu  installed  either  [permanently  or  temporarily 

c      Factory  installation  is  permanent 

h      Finld  installation  may  be  either  ^ 

3        Pressure  is  present  whenevcir  the  valve  core  ts  depressed 

(CAUTION  When  removing  a  gauge  hose  ^rom  a  core  type  valve 
use  a  cloth  and  wear  safeiy  Cjlasses  to  [protect  from  refnge^ant 
burn    The  cloth  will  also  help  to  prevent  an  oil  spot  ) 

i        When  evacuating  or  charging,  a  special  tool  bhvjuid  be  used  to 
remove  the  core  from  the  valvb  (Transparency  8) 

/ 

5        Cap  '.erves  as  the  pnfTiciry  valve  seal 

(NOTE  -  AKvays  replace  the  cap  on  ser;icc  valves.) 


INFOHMATION  SHEET 

G      L-nt'  \^y 

1    '     ^houid  be  (jsi^d  tor  tpmporary  instalu^tiofi  only^ 

2.       Install  ofi  [)tes\urS  stutj  for  ease  m  remova! 

3       Y'lay  have  a  Vdlvo  s(om  'for  closing  va've  be'fore  rem^  /al.of  qau'ge 

^La!!0!i  of  lefrujcrdnt  bystem  accessories  (Transparency  9) 
A      Licjuid  lif^e  filter-drier  ,  ^ 

B    I  Spction  I'ne  filter  dnei  ►  ^ 

C      l^Kjuid  iiidiCutoi 

0      IvloistLire  inUM:jlur  -        ,  •  v 

'  RecLiver 

% 

f\(3TF.  'It    fridniifciCtLirerb  may  locate   their  sei*^ytce  vaives  .n 

ni*f  r^^nt  afedb,  but  they,  should  always  l:^  dose  to  the  c!omf}ressor  ) 

i)Ui  ticjf  >  "C  riccjniLiidtor 


Liquid  Line  Filter-Driers 


Flare 


Sweat 


» 

Suction  Line  Filter-Driers 


Sweat         Access  Core 

Type  Valve 


Flare 


Liquid  Indicators  and  Moisture  Indicators 


Moisture  Indicators 
Flare  Type  Liquid  Indicators 


Female  to  Male 


Male  to  Male 


Sweat  Type  Liquid  Indicators 


Receivers 


With  a  Valve 


Safety  Relief 


Without  a  King  or  Receiver 
Service  Valve 

Safety  Relief  Outlet 
Inlet        /  \  I 

I 


nn          nn   .  ^ 

> 

m 

King  Valve  or  Receiver  Service  Valve 
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Service  Valves 


Line  Taps 


Valve  Stem 

Stem  Type 


Core  Type 
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Suction  Line  Accumulator  and  Vibration  Eliminator 


Vibration  Elimihator 


Suction  Line 
Accumulator 


> 
O 
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Three  Positions  of  0ie  Stem  Type  Service  Valve 


Cracked 


Back  Seated 


Front  Seated 


Access  Valve  Core  Remover  and  Replacer 

Access  Valve  Core  Remover  and  Replacer 


Refrigeration 

System        Core  In  Place 


Core  Removed 


Core  Type  Service  Valve 


Provides  for  Removal  and  Reinstallation  of  the  Core  without  Refrigerant  Loss 


G 


Refrigerant  System  Accessories 


Metering  Device 


Liquid  Indicator 
\ 


Liquid  Line 
y/pilter-Drier 


Evaporator 


r 


Service 
Valves 


Suction 
-Line  Accumiulator 


Moisture  Indicator 

Vibration  Eliminator 

Condenser 


/ 

Suction  Line 
Filter-Drier 


Compressor 


\ 

Receiver 


Safety  Relief 
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REFRIGERANT  SYSTEM  ACCESSORIES 

UNIT  II 

JOB  SHEET  ^1  INSTALL  A  FILTER-DRIER  V\/!TH  FLARE  FITTINGS 

i      Tools  and  rrniteruils 

A  Tut)inq  cutter 

B  Flaring  blocK 

C.  Flaring  tool  ^ 

D  Flare  nu^  wrench 

E  Open  end  wrench  ^    ,  , 

F  Safety  glasses 

G.  Refrigeration  gauge  set 

H.  Refrigeration  ratchet 

I.  Oil  can 

J.  Refrigeration  system 

K.  Filter-drier  with  male  flare  fittings 

L  Two  flare  nuts 
II  Procedure 

A,  Put  OTi  safety  glasses 

B  Install  refrigeration  gauge  set 

C  If  refrigeration  system  is  under  pressure,  slowly  release  pressure  or  pump 
down 

D  Cut  liquid  line  close  to  the  inlet  of  the  metering  device 

E  Remove  a  section  of  liquid  line  the  length  of  the  filter-drier 

F  Piacfj  fidre  nuts  on  tubing 

G  Flare  lut)tnq 
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H.     Rennovc        piotoctive  cap  from  one  end  of  tfip  filter-dner 

(NOTE  Reniovu  only  one  cap  at  a  t'me  but  do  not  remove  until  ready 
to  instdll  filter-diiur  because  the  dessicant  will  become  saturated  witli 
fiioisture  from  the  air  if  the  filter-drier  is  left  open.) 

I       If  using  a  dirK'Ctional  filter  drier,  be  sure  to  install  it  with  refrigerant  flow 
toward  the  metering  device 

(NOTE  The  direction  of  refrigerant  flow  is  indicate^l^en  a  filter-drier  with 
an  ariow  or  wrh  tlie  wordb  '"in"  and  "cut"  ) 

J  Finger  tighten  flare  nut 

K  Rpn^ove  protective  cap  from  other  end  of  f ilte^'-drier 

L  Finger  tiglUen  flare  nut 

M  Place  flare  nut  wrench  on  flare  nut 

PIdcr  open-end  wrench  on  adiacent  hexagon  part  of  the  f ilter-driers  male 
flare  fittifjg 

0     T;gi''tefi  both  flare  nuts 

(NOTE    At  this  potnt  the  instiijctur  may  request  a  leak  check.) 

P      hLwL'  inslriirtor  insfjtiCt 

(}     C'^^cjM  u:)  cMui  put  away  tools 
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REFRIGERANT  SYSTEM  ACCESSORIES 
UNIT  II 


JOB  SHbEl  -2  INSTALL  A  FILTER-DRIER  WITH  SWEAT  FITTINGS 


Tools  dnd  materials 


A 

Tubing  cutter 

B 

Torch 

C 

Striker 

D 

Colored  safety  glasses 

E 

Safety  glasses 

P 

R  OT  •'ino  1  a ti n  ratr»r»ot 
ncl  1  ly"!  aLIUil  rdluricl 

G. 

Refrigeration  gaug^  set 

H. 

Refrigeration  system 

1 

Filter-dner  with  sweat  fittings 

J 

Silver  alloy  brazing  rod 

K 

Sano  cloth 

L 

Silver  brazing  flux 

M 

Damp  shop  towel 

N 

Nitrogen  cylinder 

Procedure  \ 

A 

Put  or^  .safety  glasses 

B  InstdM  refrigeration  gauge  set 

C  if  rf^frigeration  system  is  under  pressure,  slowly  release  pressure 

D  Use  the  sandxloth  and  polish  the  liquid  hne  prior  to  cutting 

E  Cut  licjuid  line  close  to  the  inlet  of  the  metering  device  ^ 

F  Chpck  for  proner  direction  of  refrigerant  flow 

G  Remove  d  section  of  liq'j;id  line  the  lengti^^of  the  filter-drier 

H.  Ropuhsh  en(is  after  cutting  ^  y 

nS7 
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L     Apply  flux  to  tlie  polished  ends 

J      Remove  the  prolective  cap  from  one  end  of  the  filter-dfier 

(NOTE  Op  some  small  f ilter-driers  used  for  domestic  refrigeration,  the  ends 
must  be  cut-off  with  a  tubing  cutter.) 

K     Insert  liquid  line  into  one  end  of  filter-drier 

L.     Twist  the  filter-driet  while  inserting  the  line  to  insure  sufficient  coating 
of  flux 

M     Remove  protective  cap  from  the  other  end  of'^he  filter-drier 

l\l     Insert  the  other  end  of  the  liquid  line 

0     Twist  tlie  filter-drier  while  inserting  the  line 

(NOTE  Special  precautions  are  necessary  when  installing  a  capillary  tube 
directly  into  a  filter  drier.  This  procedure  is  covered  in  detail  on  c  separate 
]ob  sheet  ) 

P.     If  using  d  line-dner  with  an  access  core  type  valve,  remove  the  core  to 
prevent  the  heat  from  damaging  it 

Q  Attach  nitrogen  cylinder  to  refrigeration  gauge  set 

R.  Adjust  nitrogen  regulator  for  2  p.s.i.g. 

S  AHow  nitrogen  to  circulate  through  the  system 

T  Put  on  colored  s.^fetv  glasses 

U  Liglit  and  ddjust  torch 

V  Apply  heat  to  jOint,  direct  heat  away  from  joint 

W  Apf)ly  si'ver  brazing  alloy 

(CAUTION  Cadmium  free  silver  brazing  alloy  is  the  recommended  alloy 
to  ur,r  ) 

X     Sil^pr  hra/e  x\\e  other  end 

Y  Turn  off  ihe  torch 

Z    ^CUvK)  U]o  flux  ^rom  both  joints  mih  a  damp  cloth  before  the  joint  cools 
AA  Chjick  l)ot  1  joints  to  be  sure  aM  £)f  We  flux  is  removed 
BB    Hdve  instructor  inspect  \ 
CC    Ci'jjii  up  and  put  tools  dway 

u  o  ^ 
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REFRIGEHANT  SYSTEM  ACCESSORIES 
UNIT  II 

JOB  SHEET  ^3  INSTALL  A  CAPILLARY  TUBE  INTO  A  FILTER  DRIER 

I     Tools  jnd  mdteridls 

A  Tubifig  cutter 

B  Flat  fik-  or  taper  file 

C.  Pliers 

D  Torch 

E  Striker  / 

F  Colored  safety  glasses  ^«  ^ 

G  Orifice  drill  set 

H  Safety  qidb^f'S 

!  Refnqeijtion  q.iuq^''  sei 
J       RpfruitMaiiC'P.  svstern 
K      Filter  drier  {domestic  refrigeration  type>  . 
L      Snv^^r  j!!uv  f)ici/-fHj  rod 
t\l      San(i  (lut'i 
N      S'Uer  hf<i/ifMj  flu\ 
O     DjfTi[)  siH)p  towel 
li  Pfocedure 

A     Put  on  safety  glasses  ^ 
B      Install  refrigeration  gauge  set 

C      If  refr.geration  system  is  under  prcssufO,  slowly  release  pressure 
D  !t.|'it(j  Imp  close  to  the  -iiie^  of  the  metering  device 

t 


76  F 
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Score  thr  (Minllc'ry  tube  with  j  file  dnd  break  it  off  square  (Figure  1) 

(NOTE  Ca[)illdry  lul)ing  sfioiild  not  bo  cut  with  a  tubing  cutter  as  this 
will  reduce  tfie  idSide  diameter  of  the  capillary  tub:ng.) 


FIGURE  1 


File 


Do  Not  Alter  Coiled  Section 


Capillary  Tube 


F      StrdiqI'ttn  the  t -h^  of  the  capillary  tube;  three  inches  should, be  sufficient 

&      Ream  the  er.d  of  the  capillary  tube  with  proper  orifice  file 

H      Oni'  \nc\]  m  frun^  end  of  capillary  tube,  polish  a  two  inch  section  (Figure 

FIGURE  2 


ml 


Capillary  Tube 


■/JOTE  If  one  inch  uf  the  ca^Milary  tul)e  is  left  uncleaned,  the  silver  aHoy 
wih  iMve  less  tendency  to  tlow  down  the  tube  and  restrict  the  end  ) 

if  using  a  filter  drier  with  an  access  core  type  valve,  remove  the  core  to 
prevent  the  heat  from  damaging  it 
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JOB  SHEET  ^3 

mst^a  Cci;)il!afy  luhe  into  outiet  end  uf  filter-d*  ier»  (Figure  3)  ^ 
\\0'^h    l)o  fvjt  I- ink  thr  cdDiilary  tube.)  " 

Figure  3 


K,     Cf  ■n-n  tut)'nt]  J  lu  cessafy 

(MUTE  It  ndy  be  i\nter  to  place  d  solid  piece  of  copper  wmb  or  a  small 
drill  bit  i^no  the  end  of  the  dner  while  crimpmq  to  prevent  dannage  to 
the  LdU'Ha'^y  tui)e  ^ 

I       Apply  flux  to  joint 

M     Ti't  outlet  •^no  of  filter  dner  down  (Figure  4) 


i\OTE  Ttiis  Will  help  to  j^revent  the  silver  alloy  from  going  down  the 

cauiliarv  tuhe  arui  causing  a  restriction.) 

.  ~  ■  'a 

FIGURE  4  ' 


Liquid  Line 


Cat)ti'arv  Tube 


N  App'v  ^^'\it  tf^  jo'f.t  rvway  fron^  dner 

0  Af^itVy  stiver  .i!!ov 

P  r^^fn()Vf'  n^'dt  js  snon  as  alloy  flows  around  the  joint 
Q  ,  ()f^  torcf* 

R  C  Mf!  ui,\  frofti  ;(>'nt  With  d  damn  cloth 

S  RpM'fHH   \()  t/'-  suff  thj^  dli  ol  \\)*^  flux  fidS  heetT  removed 

T  H       !  >s"''i'  '  '  if^.->f^^'Ct 
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REFRIGERANT  SYSTEM  ACCESSORIES  '  . 

UNIT  II  * 

JGE  SHEET        INSTALL  A  LIQUID  IND<CATCr  WITH  FLARE  FITTINGS 

^'oois  and  materials 
A     Tubing  cutter 

B      FIdnng  tool  v  -  ^ 

C.     Flaring  block  -  | 

^<  D     Flare  nut  wrench  ^fl^- 

E      Open  end  wrench 
•  F     Safety*  glasses 

G     Oil  can 

H.     Refrigeration  gaug  •  set 

I       Refrigeration  system  with  an  expansion  valve 
J      ,Liqutd  indicator 
K.     Flare  nuts 

ii.    Procedure  > 
A.    Pjt  on  safety  glasses 
B      Install  refrigeratio    gauge  set 

C      If  refrigeration  system  is  under  pressure,  slowly  release  pressure  or  pump 
(iown 

D     Cut  liquid  lin^  between  the  outlet  of  the  filter-drier  and  the  inlet  of  the 
metering  devi*,  ' 

E  P'ace  flare  nu\s  on  tubing 

F  Flare  the  tubing 

G  Lightly  oii  fittings 

H  Instdil  liquid  indicator 

!  Tighten  botfi  flare  nuts  finger  tigh^ 
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Hold  body  of  liquid  mdicator  with  open  end  wrench 
Tighten  flare  nwts  with  the  flare  nut  wrench 
Have  instructor  inspect 
Clean  up  and  put  away  i\s 
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RFFRIGERANT  SYSTEM  ACCESSORIES 
UNIT  II 

JOB  SHUT        USE  A  STEM  TYPE  SERVICE  VALVE 

I  Toolb  dnd  fTidter.dt^ 

A  Rffr -qer Jtion  ralcfiet 

B  Refr iqeration  qaucje  bet 

C  Open  fMid  v\rencfi 

D  Sd^etv  qldsses 

t  Oi!  can 

F      Refrigeration  system  with  stern  type  service  valves 

G  •  Clean  shop  toivet 

II  Procedur*^ 

A     Put  on  safety  glasses 

B      RerTiove  valve  stem  covers 

C      Reir.ove  service  port  caps 

(NOTE   I'  a  Ufessure  switch  capillary  tube  is  connected  to  the  service  port, 
back  seat  the  valve  stem  before  removing  the  flare  nut  ) 

D  Ctean  around  gauge  ports 

E  Attach  gauq^*  hoses 

^  Check  to  be  sure  gauge  manifo'd  valves  are  closed  to  center  port 

G  Place  two  drops  of  oil  on  valve  stems  at  the  packing  nut 

M  Crack  j:ervice  valve  stems 

I  Pur'^'^  hosfj  at  gauge  manifold  connection 

J  Start  system 

K  A!l(nv  system  pressures  to  stabilize 

L  If  high  Side  gauoe  vibrates  excessively,  back  seat  the  discharge  service  valve 
steni  until  vibration  stops 
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M.  Check  pressure  readings 

N.  Back  seat  service  valves 

0  Open  refrigeration  gauge  set  valves  to  ^alease  hose  pressure 

P  Remove  gauge  hoses 

(NOTE  Gauge  hoses  should  be  plugged  or  placed  on  hose  holder  when 
not  in  use  ) 

Q     Replace  service  port  caps  and  tighten 

(NOTE  If  pressure  switches  are  connected  to  the  valve  service  ftorts,  the 
valve  sten)S  will  have  to  be  cracked  during  normal  operation.) 

R  Check  valve  stem  packing  nut;  for  leaks 

S  If  leak  IS  indicated,  tighten  the  packing  nuts 

T  Replace  V^E  valve  stern  caps 

U  Clean  up  and  put  away  tools 
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REFRIGERANT  SYSTEM  ACCESSORIES 
UNIT  11 


JOB  SHEET  ^6  INSTALL  A  LINE  TAP^SERVICE  VALVE 

I     Tools  and  materials 

A  Open  end  wrench 

B  Phillips  screwdriver 

C  Pinch  off  tool 

D  Torch 

E  Stiiker 

F  Safety  glasses 

G  Colored  safety  glasses 

H  Refrigeration  system 

I  Line  *  io  valve 

J  Sand  cloth 

K  Sil-phos 

L  Dry  clean  shop  towel 

M  Damp  clean  shop  towel 
li  P'^ocedure 

A  Put  on  safety  glasses 

B  Clean  an  area  on  the  pressure  stub  where  the  valve  will  fit 


C      Place  val^e  on  pressure  stub  (Figure  1) 


X 

FIGURE  1 


Straddle  \M^-m<'^^^^'^  Tighten 
Tube  tiM^  V-Block 


D  Tirihtrn  va've  onto  the  pressure  stub 
r      Tu-jht^'H  gauge  hose  onto  valve  port 
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F.  Check  to  be  sure  gauge  manifold  valves  are  closed 

G  Pierce  the  pressure  stub 

H  Purge  hose  at  gauge  mdnifold  cofinection 

1  Start  system 

J  Check  svstem  pressures 

K.  Close  line  tap  valves 

(NOTE  Some  Ime  taps  are  equipped  with  access  core  type  valves,  and 
cannot  be  closed  manually  prior  to  removing  the  hoses,) 

L      Remove  noses  from  line  taps 

M     Place  pmch  off  tool  on  pressure  stub  (Figure  2) 

(CAUTION  Be  sure  the  line  is  completely  sealed  off  before  removmg  the 
valve,) 

Pinch-Otf  Pliers 


FIGURE  2 


Valves 


To  Condenser 


N  Remove  line  tap  valve 

O  Put  on  colored  safetv  glasses 

P  Light  and  adjust  torch 

Q  •  Bra/e  the  pierced  opening 

R  Turn  o^f  torch 

S  Cooi  tfie  pressure  stub  with  damp  cloth 

T  Remove  pinch  off  tool 

U  0^pr\.  for  leaks 

V  Have  instructor  inspect 

W.  Clean  up  jnd  put  away  tools 
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REFRIGERANT  SYSTEiv^  ACCESSORIES 

UNIT  II 


JOB  SHEET  #7-  INSTALL  AN  ACCESS  CORE  TYPE  SERVICE  VALVE 


Tools  and  materials 

A.  Valve  core  tool 

B.  Torch 

C.  Striker 


D.    Safety  glasses 

E      Access  core  type  service  valve 

F.     Si'ver  alloy 

G     Sand  cloth 

H.    Stiver  brazing  flux 

1.     Clean  damp  sfiop  towe' 

Procedure 

A     Put  on  safety  glasses 

B      Clean  area  on  tubing  where  valve  ib 

to  be  placed 

C.     Remove  the  core  from  the  valve 

D     Place  the  valve  on  the  tubing  or  in 

the  pressure  stub  (Figure  1 

FIGURE  1 


ERIC 


86  F 


ERIC 


JOB  SHEET  ^7 

E  Apply  fiu^  10  the  joint 

F  Liqlu  and  adjust  the  torch 

G  Apply  heat  to  the  jOint 

H  Apply  the  silver  alloy 

I  Remove  heat  as  soon  as  the  alloy  flows  completely  around  the  joint 

J  Turn  of^  the  torch 

K  Clean  the  joint  with  a  clean  damp  shop  towel 

(NOTE  Be  careful  that  moisture  does  not  enter  the  refrigeration  system 
while  cleaning  and  coolmg  the  braze  joint.) 

L      Replace  the  core  in  the  valve 

(NOTE  If  this  IS  a  Ime  piercing  valve,  use  the  manufacturer's  recommended 
procedure  for  piercing  tlie  line.) 

M     Have  the  instructor  inspect 

N     Clean  up  and  put  awav  toojs 
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REFRIGERANT  SYSTEM  ACCESSORIES 

UNIT  11 


TEST 

1,       Match  the  terms  on  the  right  to  the  correct  xiefinitions  or  descriptions. 

 a    Ability  of  a  substance  to  take  up  another 

substance 

 b.  Front  seating  the  king  valve  or  liquid  line 

valve  to  capture  the  refrigerant  in  the 
high  Side 

 c.  Turning  the  stem  of  a  stem  type  valve 

counterclockwise  until  the  valve  stem 
stops 

 d.  Ability  of  a  substance  to  hold  another 

substance  on  its  surface  without  causing 
a  chemical  change 

 ^  e.  Turning  the  stem  of  a  st    i  lype  valve 

clockwise  until  the  valve  stem  stops 

/ 

 f    Short  piece  of  tubing  attached  to  the 

refrigeration  system  for  the  purpose  of 
pressure  readings 


_g.  Chemical  substance  in  a  filter-drier  that 
either  adsorbs  or  absorbs  contammants 

h  Turning  the  stem  of  a  stem  type  valve 
clockwise  one-half  to  one  full  turn  from 
a  back  seated  position 

i.  Stem  type  valve  located  3t  the  outlet  of 
the  receiver 

j  Device  in  refrigeration  system  which 
contains  dessicant  for  the  removal  of 
moisture  from  the  refrigerant,  usually  in 
the  liquid  line 

k  Device  for  removmq  foreiqn  particles 
from  ^he  refrigerant 

!.  Three  way  stem  type  service  valve 
located  in  the  liquid  line  and  used  for 
pump  down  or  servicing 


1. 

Pump  down 

2. 

Absorb 

3. 

Back  seat 

4. 

Drier 

5. 

King  valve 

(receiver 

service  valve) 

A* 

D. 

Pressure  stub 

(process  tube) 

7 

Musoru 

8. 

Cracked  ; 

9. 

Desiccant 

10. 

Front  seat 

11, 

Liquid  line 

valve 

12 

Refrigerant 

filter 
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Select  the  purposes  of  each  refrigerant  system  accessory  by  placing  an  "X"  in 
the  appropriate  blank  or  blanks 

a.  Receiver 

1)  Stordtje  tank  for  system  contaminants 

2)  Insures  that  ample  liquid  refrigerant  will  be  available 
 3)  Used  on  capillary  tube  systems 

 4)  Two  way  radip  in  a  service  truck 

5)  Storage  tank  for  liquid  refrigerant 

b.  Suction  line  filter-drier 

 ^1)  Installed  at  miet  of  metering  device 

 2)  Adsorbs  acid 

3)  Aids  in  catching  foreign  matter  and  sludge 
4^  Installed  prior  to  a  compressor  burn  oui 

c      Sor\/ice  valves 

1)  Compressors  internal  valves 

2)  Used  when  charging  the  system 

3}  A  port  for  connecting  the  refrigeration  gauge  set  to  the  system 

 4)  Connections  Tor  the  suction  line  accumulator 

cj      Vibration  eliminator 

1)  Absorbs  refrigerant  line  vibration 

2)  Condenser  mounting  springs 

3)  Aids  m  preventing  the  lines  from  becoming  loose  or  breaking 
e      Liquid  line  filter  drier 

1)  Absorbs  refrigerant 
_  2}  Adsorbs  and/or  absorbs  moisture 

3}  r liters  the  air  [nibbles  in  the  refrigerant 

4)  Catches  forpiqn  matter 

5)  A(ls()ri)S  acids 
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/ 
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f.  Moisture  indicator 

 _1)  Separates  the  water  from  the  refrigerant 

2)  Change  in  color  will   indicate  that  there  is  moisture  m  the 
refrigeration  system 

 ^  3)  Indicates  the  amount  of  'iiumiditv  that  the  refrigeration  system 

IS  removing 

g.  Suction  line  accumulator 

^  1)  Contains  a  desiccant  for  drying  the  refrigerant 

 2)  Holds  excess  liquid  refrigerant  from  the  evaporator 

 3)  Creates  a  suction  on  the  liquid  line 

4)  Aids  in  preventing  liquid  refrigerant  from  entering  the  suction 
side  of  the  compressor  * 

h.  Liquid  indicator 

1)  Provides  a  convenient  holder  for  the  moisture  indicator 

2)  Used  only  on  capillary  tubevsystems 

31  Provides  an  easy  method  for  checking  amount  of  refrigerant 
-  charge  * 

Distinguish  between  liquifi  line  filter-driers  and  suction  line  f ilter-driers  by  placing 
an  "X"  m  frpnt  of  the  factors  m  selecting  a  liquid  tine  filter-drier. 
i 

a    Type  of  refrigerant  in  system 

_  ^  j 

 b  Amount  of  refrigerant  flow 

 c  Filter  area 

 d  Compressor  size  in  horsepower 

e  Size  of  suction  line 

f  Type  of*lme  conn^fction 

g  Size  of  line  connection 

h.  Moisture  removal  capacity 
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5,       Describe  the  types  of  service  valves, 
y  a.     Stem  type 


b.     Access  core  type 


c.     Line  tap 


94F 


Demonstrate  the  ability  to 
a.     Install  a  filter-dner  with  flare  fittings, 
^b.     Install  a  filter-drier  with  sweat  fittings. 

c.  Install  a  capillary  tube  into  a  filter-drier. 

d.  Install  a  liquid  indicator  with  flare  fittings. 

e.  Use     stem  type  service  valve. 

f.  Install  a  line  tap  service  valve. 

g.  Install  an  acces'  core  type  service  valve. 

(NOTE:  If  these  ac  \/ities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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3.  a.     2,  5  e      2,  4,  5 
b      2,  3  f  2 

c      2,  3  (J.     2,  4 

d      1,  3  h.     1,  3 

4.  b,  c,  \  g,  h 

5.  Descrip  iqii  should  include 
a      Stem  t\ 

1)  PermanerU  pai-t  of  the  syste.-n 

2)  Three  valve  positions 

^^     Back  seated  for  normal  operation 

b)  Cracked  for  checking  pressure    and  servicmt^ 

c)  Front  seated  for  isolatmg  the  compressor  and  pump  down 
h      Accede  core  tv  pe 

1)        No  Vd'vp  sT^^m  fcf  shut-off 

2?        M-'^v  be  insraiied  either  permanently  or  temporarily 
c.:      FoCiory  instdHjtion  is  perrnar)pnt 
b)     Fit  1(1  instailaticj,^  may  bf.  either 

3)  ^-^'sGiJrp  IS  f)resent  x^vh^'n^-ver  the  valve  core  is  depressed 

4)  "1  ^'vaciidtiri.j  or       urging,  a  special  tool  should  be  used  to 
rf^n^ove  th^   corr  from  the  valve 

5)  Cap  bcrvt^^  as  the  primary  valve  gpcJ 

C         LlfH  uH) 

1 1        SiiouUj  i.e  us^d  for  temporary  insta'iat.on  only 

2!        Install  O'l  fMCs^urf  stub  for  '^dSc  in  rLinovai 

3;        Tvliv  hfjv"  a  \/.i!ve  sttMn  fr)r  closing  vaiv^^  before^  removal  of  gaug{^ 
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REFRiGERANT  SYSTEM  ACCESSORIES 
UNIT  I! 


ANSWERS  TO  TEST 


y  9 


b  1 


d  7  •   J.  4 

e  10  k  12 

r  6  I  11 

3  Suction  line  accumulator 

t)  Swea^  type  liquid  line  ^ilter-drier 

c  Sweat  type  iiquid  indicator 

d.  Ste'11  type  service  valve 

e.  Rf'ceiv^r  with  a  king  or  receiver  service  valve 
f  Swoat  ^  je  liquid  line  f>lter-drier 

q  Flare  tvpe  liquid  idicator 

h  L'ne  tap  se'^yice  valve 

!  RecpivLT  without  a  king  or  receiver  sei  .'ico  valve 

J  Access  core  tvpe  service  \/alve 

•<  ^id'*f^  tvpe  surtton  line  ^'Iter-drier 

!  Fer-idiv)  to  male  flare  liquid  indicator 

m  "Uire  type  liqu.d  'me  filte'' drier 

ov^rat  V/\^(i  suction  line  filter-dner 

o  V  [^".uiof'i  fhrri-Hcitor 

p  \'  vsijf*'  u.ciicatof 
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6.       a.  Vibration  eliminator 

b  Receiver 

c.  SerN/ice  valve 

d.  Suction  line  ftiter-drier 

e.  Suction  line  accumulator 

f.  Moisture  indicator 

g.  Liquid  indicator 

h.  Liquid  line  filter-drier 

7        Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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REFRIGERANTS 
UNIT  III 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  match  the  types  of  refrigerants 
to  their  applications,  name  three  methods  of  leak  detection,  list  the  safety  rules  for 
refrigerants,  and  compute  temperature  pressure  problems.  The  student  should  also  be  able 
to  pressure  check  a  refrigerator  and  an  air  conditioner.  This  knowledge  will  be  evidenced 
through  demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 
After  completion  of  this  unit,  the  student  should  be  able  to: 

\ 

1        Match  terms  associated  with  refrigerants  to  the  correct  definitions. 
2.       Match  the  common  types  of  refrigerants  to  their  chemical  name 
3        Match  the  cylinder  color  codes  to  the  types  of  refrigerants. 
4.        Match  the  types  of  refrigerants  to  their  applications. 

5  List  seven  desirable  characteristics  of  a  refrigerant. 

6  i\/latch  sections  of  the  temperature-pressure  chart  to  the  name. 

7  Name  three  methods  of  leak  detection. 

8.        List  safety  precautions  for  refrigerant  handling. 
9        Describe  the  procedure  for  obtaining  refrigeration  system  pressures. 
10.        List  three  methods  of  determining  what  type  of  refrigerant  is  in  a  system. 
11         Demonstrate  the  ability  to: 

a      Compute  temperature-pressure  problems.' 
b.     Pressure  check  a  domestic  refrigerator. 
C-     Pressure  check  an  air  conditioner, 
d      PrecJsure  check,..a  cornrr.ercial  refrigerator. 

e.     Determine  type  of  refrigerant  used  in  a  central  air  conditio  ^r 
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REFRIGERANTS 
UNIT  III 

SUGGESTED  ACTIVITIES 

I.  Instructor: 

A     Provide  student  with  objective  sheet. 

B.  Provide  student  with  information,  assignnnent,  and  job  sheets. 
C     Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  informatiori  and  assignment  sheets. 

F.  Deronstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Demonstrate  how  to  read  an  inaccessible  data  plate  using  a  mirror. 

H.  Give  test. 

II.  Student: 

A.    Read  objective  sheet 
B     Study  information  sheet 

C.  CoTiplete  assignment  and  job  sheets. 

D.  Take  test, 

INSTRUCTICrMAL  MATERIALS 

I.    Included  in  this  unit 

A,    Objective  sheet 

B-     Information  sheet 

C     Transparency  masters 

1,       TM  1  Refrigerant  Drums 

2        TM  2-Temperature  Pressure  Chart 

3,       TM  3-Temperature-Pressure  Chart  (Continued) 
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4.  TM  4 -Temperature-Pressure  Chart  (Continued) 

5  TM  5  Leak  Detection  Using  a  Soap  Solution 

6.  TM  6 -Leak  Detection  Using  a  Halide  Torch 

7.  TM  7--Leak  Detection  Using  an  Electronic  Leak  Detector 
8  TM  8 -Reading  Gauges 

D.  Assignnnent  sheets 

1.  Assignment  Sheet  #1  List  Cylinder  Color  Code 

2.  Assign^-^nt  Sheet  #2-  Compute  Temperature- Pressure  Problems 

E.  Answers  to  assignment  sheets 

F.  Job  sheets 

1.  Job  Sheet  #1  -Pressure  Check  a  Domestic  Refrigerator 

2  Job  Sheet  #2-Pressure  Check  an  Air  Conditioner 

3.  Job  Sheet  #3-  Pressure  Check  a  Commercial  Refrigerator 

4.  Job  Sheet  #4-  Determine  Type  of  Refrigerant  Used  in  a  Central 
Air. Conditioner 

G  Test 

H.    Answers  to  test 
IL  References: 

r-^  A     Downing,  R    C   Refrigerants  and  Service  Pointers  Manual..  Wilmington, 

^  Delaware'  Freon  Products  Division/Dupont  DeNemours  and  Co.,  1970. 

B  Althouse,  Andrew  D  ;  Turnquist,  Carl  H.,  and  Bracciano,  Alfred  F.  Modern 
Refrigeration  and  Air  Conditioning.  Homewood,  Illinois:  Goodheart  Willcox 
Co.,  1968 

C  Schweitzer,  Gerald,  and  Ebehng,  A  Basic  Air  Conditioning.  New  York: 
Hayden  Book  Co  ,  1971. 
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REFRIGERANTS 
UNIT  ill 

INFORMATION  SHEET 

Terms  an^^  definitions 

A.     Refrigerant  Any  substance  which  produces  a  refriqeratinq  effect  bv  its 
absorption  of  heat  while  eva[)Orating 

B      Fluorocirbon  Refrigerant  compound  containing  one  or  more  carbon  atoms 
and  fluorine 

C.     Halogen  Group  of  chemicals,  of  which  the  mcst  active  is  fluorine 
D     Halide  refrigerants-  Group  of  refrigerants  containing  halogen  chemicals 

(NOTE    Freon  -is  a  trade  name  for  a  group  of  halide  refrigerants.) 
E.     R-11  -Trichlorononnfluoromethane,  CCIsFT^- halide  refrigerant 
F      R  12  Dichlorodifluoromethane,  CCI2F2,  a  halide  refrigerant 

/NOTE*  This 's  used  primarily  in  domestic  refrigerators,  freezers,  automobile 
air  conditioners,  and  some  window  air  conditioners.) 

G     R  22  Monochlorodifluoromethane,  CHCIF2,  a  halide  refrigerant 

(NOTE  TKis  IS  used  for  freezers  and  for  window  and  central  air 
conditioners  ) 

H     Azeotropic  mixtures  Mixtures  of  halide  refrigerants  in  order  to  make  a 
single  refrigerant 

(NOTE*  Common  azeotropic  mixtures  are  R-500  and  R-502 ) 

I       R  717  Ammonia,  NH3,  a  nonhalide  refrigerant 

(NOTE  This  IS  used  for  large  industrial  refrigeration  and  absorption  type 
refrigeration  and  air  conditioning.) 

J      Refngerant   cylinder  Container   in   which   refrigerant  is  purchased  and 
dispenseci 

INOTE    Cylinders  are  som^tinu^s  rn^fprred  to  as  drums.) 

K     Disposal)!*^    feV.qprant  cyhnd^^r  Refrigpiant  container  which  cannot  be 
refilhjd 
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L      Ambient  rernperatuio  Temperatjr-e  of  air  which  surrounds  an  object  on  all 

sides 

M     Refrigerant  oil- Suecidl  dehydrated  oil  used  m  a  refrigeration  mechanism 
for  lubrication  and  cooling 

CommoTT  types  of  refriqerants  and  their  chemical  name 

A      R11,  Trichloromonofluoromethane  (CCI3F) 

B      R  12   Dtchlorodifluoromethane  (CCI2F2) 

C      R-22,  Monochiorodifluoromethane  (CHC1  F2; 

D      R  bOO,  Refrigerant  500 

E      R  502,  Refrigerant  502 

(MOTE  Refriqerdnt  500  and  502  are  azeotropic  mixtures  of  two  halide 
refrigerants  ) 

F      R  717,  Ammonia  (NH3) 

Retfiqereint  cylinder  color  codes  (Transparency  1) 

A      R  11  Orange  cylmder 

B      R  12  White  cylincier 

C      R  22  Green  ryhnder 

D      P  '^00  Y^-llovv  cylinder 

E'     R  50?  Puipi^^  cvlindo'' 

F      R  7 1 7  Gray  cyhnder 

Refrig^.Tdnt  types  and  cjp[)hcations 

A      R  1  1 

1  C'pani'H^  .y^ent  for  contaminated  systems 

2  R,^frtqprant  for  largp  Hir-conditioninq  systems 

B      R  1?  R^'*'ra]^  ran!  for  domestic  refrigerators,  freezers,  and  automo[)ile  air 

COflvl'tlon^MS 

C      R  22  R^'fri'jfjrant  tfif  do'Ti(>stic  and  commprciaT^air  conditioners  and  fretvers 
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D      R  500  RefffLirrdfil  for  {loftiestic  afid  coinmercial  air  conditioners 

E      R  502  Refnq^^raru  for  cofrrnrrcia!  freezers  and  refrigerators 

(MOTE    This  IS  qeneially  found  in  low  temneratuie  equipment) 

F      R717  Indust  idi  compression  and  abson)tion  type  refrigeration  a^-'d  air 
conditiomiK} 

V  Desirable  characteristics  of  a  refrigerant 
A  Nontoxic 

B  Nonflammable 

C  Nonexplosive 

D  Noncorrosive 

E  Low  boilinq  temperature 

F  Chemically  stable 

G  Mixes  easily  with  oil  ♦ 

VI  Temfierature-pressure  chart  (Transparencies  2,  3,  and  4)  ^ 
A  Top  of  cliart  Refrigerant  type 

B      Left  margin-  Temperature  ' 
C      Boifj  rujm[)ers  Pressure  (in  p  s  i  q  ) 
D      itaiif's  Vacuum  (in  "Hq) 
Vli      Methods  of  leak  detection 

A      Sodr  solutior^  (Trdnsparencv  5) 
B      HiihdM  torch  i Transparencv  6) 

C      Eit^rtronic  Irak  detector  (Transparency  7)  ^ 
VI  ii      Sjf^.ty  pm^^  nations  for  refriqe''dnl  hanciling 
A      Do  not  dro[i  ryhnders 

B      Om  not  ff^fiii  disDosahl^;  rpfngerant  cylinders 
D'^  not  'UMt  (yhnfKrs  with  a  torcii 
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D  Shcuh^  »  vlintiers  »n  d  movinq  vehicle 

E  Do  not  •^f)rc»y  refrujeranl  on  skin 

F  Do  not  inhale  refrigerant 

C  Do  not  spray  refrigerant  into  open  flanne 

H  Do  not  mi  XL  reiriqerants 

I  R.^place  cyhnder  cap  when  not  in  use  to  protect  valve 

J  Do  not  lift  or  carry  cylinder  by  valve 

K  Secure  cylinder  to  waii  or  bench 

L  Hdve  adequate  ventilation 

Procedure  for  obta.nmcj  refrigeration  system  pressures  (Transparency  8) 

A     Obtain    low  side  pressure   or  vacuum  by  connectmg  gauge  set  to  a 
refriqeration  system 

1  Read  pressure  on  0  250  p.si.g.  scale 

2  Read  vacuum  on  0  30"  Hg  scale 

(NOTE  Hermetic  refrigeration  systems  should  not  be  allowed  to 
run  in  a  vacuum  ) 

B      Ohtain  high  srle  pressuie- Read  pr*-ssure  on  0-500  ps.i.g  scale 

(NOTE  The  inner  circle  of  numbers  on  .the  refrigeration  gauges  are 
tetrptratjre  scales  and  can  be  read  directly  by  aligning  the  gauge  needle 
with  tiie  pr^^ssure  and  temperature.) 

Methods  of  determining  tie  type  of  refrigerc  it  in  a  system 

A      Read  manufacturei  s  data  plate 

B      hCcHi  --onuires  m  datj  [)iat(^ 

C      Lfu}k  at  cornf.'  nent  parK 

D      U^f'  ijaiiii'-j  ^-ressures 

1  frista!!  qaijfic^> 

5        Convf'rt  prpssufr  .  U)  t^-'mffr^ rat ure  using  temperaturp  pressure  (.liart 
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Standard 
Returnable 


501b  Disposable 


10 


R-12  (white) 
R-22  (green)  > 
R-500  (yellow) 
R-502  (Purple) 


R-12  (white)  145  lbs 
R-22  (green)  125  lbs 
R-500  (yellow)  125  lbs 
R-502  (purple)  125  lbs 
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Drums 

25lb  Disposable 


R-12  (white) 
R-22  (green) 
R-500  (yellow) 
R-502  (purple) 
R-11  (orange) 
Pressurized 


Disposable 


R-12  (white)  12  lbs 
R-22  (green)  10  lbs 
R-500  (yellow)  10  lbs 
R-502  (purple)  10  lbs 
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Temperature-Pressure  Chart 
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Vacuum --/fa//c  Figures  Gauge  Pressure— Bold  Figures 


TEMPERATURE  *" 

REFRIGERANT 

CCI3F 

onoi  r  0 

(Azeotropic  Mixtures) 

Op. 

1 1 

1 2 

22 

500 

502 

"TIT 
iM 

-60 

_ 

11  Q 

_ 

7.0 

18.6 

■55 

- 

17.3 

Q  1 

- 

3.6 

16.6 

-50 

ft  n 

o.u 

0.0 

14.3 

-45 

11  ? 

2.1 

11./ 

.  40 

28.4 

10.9 1 

0.6 

7.9 

4.3 

8.7 

■35 

28.1 

8.3 

2.7 

4.8 

6.7 

5.4 

■30 

27.8 

5.4 

5.0 

1.4 

9.4 

1.6 

■25 

27.3 

2.3 

7.5 

1.1 

12.3 

1.3 

?o 

27.0 

0.5 

10.3 

.  3.1 

15.5 

3.6 

■18 

269 

1.3 

11.5 

,4.0 

16.9 

4.6 

■16 

26  7 

2.0 

12.7 

'  4.9 

18.3 

5.6 

26.2 

3.6 

15.2 

6.8 

21.2 

7.9 

■10 

26.0 

■  4.4 

16.6 

7.8 

22.8 

9.0 

■  8 

25.^  . 

5.3 

18.0 

8.8 

24.4 

10.3 

■  6 

25.5 

6.2 

19.4 

9.9 

26.0 

11.6 

■  4 

25.3 

7.1 

20.9 

11.0 

27.7 

12.9 

•  2 

250 

8.1 

22.5 

12.1 

29.4 

14.3 

0 

24.7  / 

9.2 

24.1 

13.3 

31.2 

15.7 

1 

24.6 

9.7 

24  9 

13.9 

32.2 

16.5 

2 

24  4 

J0.2 

25.7 

14.5 

33.1 

17.2 

3 

24.2 

10.7 

26.6 

15,1 

34.1 

18.0 

4 

24.1 

11.2 

•27.4 

15.7 

35.0 

18.8 

5 

24  0 

11.8 

28.3 

'  16.4 

36.0 

19.6 

6 

23  8 

12.3 

29.2 

17.0 

37.0 

20.4 

7 

23.6 

12.9 

30.1 

17.7 

38.0 

■  21.2 

8 

23  5 

13.5 

31.0 

184 

39.0 

22.1 

91 

23  3 

14.0 

32.0 

19.0 

40.0 

22.9 

10 

23.1 

14.6 

'32.9 

19  7 

41.1 

23.8 
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Temperature-Pressure  Chart 

(Continued) 


"Itahc  Figurts 

G<*uge  Pressure -Bold 

Figures 

TEMPERATURE 

REFRIGERANT 

CCI3F 

CHCIF2 

•     (Azeotropic  Mixture) 

Op 

1 0 

11 

ouu 

/  1  / 

11 

22  9 

1  K  0 

00  \5 

20.5 

42.2 

Oil  ~l 

12 

^    22  7 

1  C  Q 

1  b.o 

o4.y 

21.2 

43.2 

25.6 

13 

2?  5 

16.5 

35  9 

21.9 

44  3 

26.5 

14 

22  3 

17.1 

36  9 

22.6 

45.4 

27.5 

15 

220 

17.7 

37.9 

23.4 

46.6 

28.4 

16 

2L9 

18.4 

38.9 

24.2 

47  7 

29  4 

17 

21  7 

190 

40.0 

24.9 

48.9 

30.4 

18 

21  5  . 

19  7 

41.1 

25.7 

50  1 

31.4 

19 

21  3 

20.4 

42.2 

26  5 

51.2 

32.5 

20 

21  1 

21.0 

43.3 

27  3 

52  4 

33.5 

2i 

26,9 

217 

44.4 

28,2 

53.7 

34.6 

22 

20  6 

22.4 

45  5 

29,0 

54.9 

35.7 

23 

204 

23  2 

46.7 

29  8 

16  2 

36.8 

24 

20  2 

23  9 

^7  8 

30,7 

57  4 

37.9 

2B 

20  0 

24  G 

49  0 

31,6 

58.7 

39.0 

26 

19  7 

25.4 

50.2 

32.4 

60.0 

40.2 

27 

195 

26,1 

51  5 

33.3 

61.4 

41.4 

28 

19  1 

26.9 

52  7 

34.3 

62.7 

4?.6 

29 

189 

27.r 

54  0 

35.2 

64.1 

43.8 

30 

18  6 

28.5 

55.2 

36.1 

65.4 

45.0 

31 

18  4 

29  3 

56.5 

37.0 

66.8 

46.3 

32 

18  1 

30  1 

57.8 

38.0 

68.2 

47.6 

33 

17  8 

30.9 

59.2 

39.0 

69  7 

48.9 

34 

7^5 

31  7 

60.5 

40.0 

71  1 

50.2 

35 

1/  1 

32.6 

6T.9 

41  0 

72.6 

51.6 

H  9 

33,4 

63.3 

42.0 

74.1 

52.9 

37 

14  6 

34.3  * 

64  4 

43.1 

75  <^ 

54.3 

38 

V  3 

352 

66  1 

44  1 

77.1 

557 
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Temperature-Pressurr  Chart 

(Continued) 


Vacuum --/fa//c  Figures  Gauge  Pressure--Bold  Figures 


TEMPERATURE 

REFRIGERANT 

CCI3F 

CCI2F2 

CHCIF2 

(Azeotropic  M-xtures) 

NH3 

1 

1 

°F. 

11 

1  I 

500 

502 

717 

39 

160 

OU.  1 

on  R 
D/  t) 

45.2 

78  6 

r;7  9 

40 

15  6 

0  /  .u 

46  2 

80.2 

Do.D 

41 

153 

'"17  Q 

J  /  .y 

/U.b 

47.2 

81  8 

AH  1 
DU.  1 

42 

15.0 

70  n 
U 

48.4 

83.4 

0  1  .u 

43 

14  7 

'JQ  7 

1  0,0 

49.6 

85.0 

44 

14  3 

AC\  7 

7R  n 
/t).U 

30,7 

86.6 

Rd  7 

45 

139 

41.7 

76  6 

51,8 

88.3 

66.3 

46 

135 

42.6 

78,2 

53.0 

90.0 

67.9 

47 

132 

43  6 

79.8 

54.2 

91  7 

69.5 

48 

12  8 

44.6 

81.4 

55.4 

93.4 

71.1 

49 

12.5 

45.7 

83  0 

56.6 

95.2 

72.8 

50 

12  0 

46.7 

84.7 

57.8 

96.9 

74.5 

55 

100 

52  0 

93  3 

64,1 

106.0 

83.4 

60 

7  7 

57.7 

:02.5 

71.0 

115.6 

92,9 

65 

53 

63  7 

112.2 

78.1 

125  8 

103.1 

70 

26 

70.1 

122.5 

85  8 

136  6 

114  1 

75 

.4 

76.9 

133  4 

93,9 

148.0 

125.8 

80 

1.6 

84  1 

145.0 

102,5 

159.9 

138.3 

85 

3.2 

91  7 

111.5 

172.5 

151.7 

90 

5.0 

99  7 

170.1 

121.2 

185.8 

165.9 

95 

68 

108.2 

183  7 

131.3 

199.8 

181.1 

100 

8.9 

117.-; 

197.9 

141.9 

2144 

197.2 

105 

11  1 

126.5 

212.9 

1^3  1 

229  8 

214.2 

110 

134 

136.4 

228.7 

164.. 

245  8 

232.3 

-5 

158 

146  7 

245.3 

177.4 

262  7 

251.5 

120 

18.5 

157.6 

262.6 

190.3 

280.3 

271.7 

125 

21.2 

169.0 

280.7 

204.0 

298.7 

293.1 

130 

24.3 

181  0 

299.3 

218  2 

318.0 

135 

27.4 

i93.5 

316.6 

232.1 

338.1 

rvi  -  4 


Leak  Detection  Using  a  Soap  Solution 


Foam  is  Placed  on  a  Connection  That  is  Suspected  of  Leaking. 
Note  the  Bubbles  Which  Indicate  a  Leak. 


Leak  Detection 


a  Haiide  Torch 


Cellophane-Enclosed  Joint 
Suspected  of  Leaking 
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Leak  Detection  Using  an  Electronic 

Leak  Detector 


Use  of  an  Electronic  Leak  Detector 


ERJC 


70 

9    ^  m 


TM  -  7 


Reading  Gauges 


To  Vacuum  Pump  or  Refrigerant  Cylinder 


ERIC 
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REFRlGERANfS 
UNIT  III 


ASSIGNMENT  SHEET  #1--LIST  CYLINDER  COLOR  CODES 

Give  the  cyiinder  color  code  for  the  following  refrigerants. 

Refrigerant  Cylinder  color 

1.  R-11   

2.  R-12   


3.  R-22 

4.  R-500 

5.  R502 

6.  R-717 
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REFRIGERANTS 
UNIT  III 


ASSIGNMENT  SHEET        COMPUTE  TEMPERATURE-PRESSURE  PROBLEMS 


The  low  side  pressure  can  be  obtained  by  finding  the  evaporator  temperature  and  goinq 
straight  across  to  the  proper  refpgerant  column 

Example:  Air  conditioner  using  R  22,  with  a  350''F  evaporator,  low  sic^e  pressure 
should  read  62  P-s  i  g. 

The  low  ^ide  temperature  can  be  obtained  by  finding  the  pressure  reading  and  going  straight 
across  to  the  temperature  column  The  high  side  pressure  can  be  obtained  by  finding 
the  ambient  at  the  condensor,  adding  35  degrees,  and  going  straight  across  to  the  proper 
refrigerant  column . 

Example.  Air  conditioner  using  R  12  has  an  ambient  temperature  of  55^  Adding  35'' 
would  give  an  evaporator  temperature  of  90°.  The  high  side  pressure  is  100 
ps.i.g. 

The  high  side  temperature  can  be  obtained  by  finding  the  high  side  pressure  reading  and 
going  straight  across  to  the  temperature  column. 

(NOTE  To  check  for  proper  ambient  subtract  35^f  from  refrigerant  temperature.  35''F 
is  the  recommended  temperature  for  proper  heat  transfer  for  air-cooled  condensers  and 
20''F  for  water-cooled  condensers.) 

Use  the  temperature-pressure  chart  to  solve  the  following  problems,  showmq  ail  work. 
Round  all  numbers  off  to  nearest  whole  number 

1  Refrigerator  * 

A  Refrtgerant  R-12 

B.  Evaporator  -6^^ 

C  Arr^bient  75°F 

D.  Low  side  pressure  p.s.i  g 

E.  High  Side  pressure  d.s.'  g, 

2  Freezer 

A  Refrigerant  R-1^2 

B.  Evaporator  -10°F 

C  A.pbient  90''F 

."^  Low  side  oressure    P^-Jg- 

E.  High  side  pressure  ^  p.s.i  g. 

F      "emperature  of  condensing  vapor   ""F 

3  Air  conditionei 

A  Refrigerant  R'12 

B  Evaporator  SS^'F 

C  Ambient  95''f 

D  Low  Side  pressure  PS  i  g 

E  Hi(]h  suJe  pressure  ps.i.q. 
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ASSIGNMENT  SHEET  #2 

4        Air  ConditJ.)ner 

A  Refrigerant  R  22 

B  Evaporator  38''F 

C.  Ambient  85°F 

D  Low  side  pressure  P.si.g. 

E.  High  side  pressure    p.s.i.g 


5.  Commercial  refrigorator 
A      Refrigeid.n  R-i2 
B.     Evaporator  38'T 

C     Ambient  80'F 

D     Low  Side  pressure  p.s.i.g. 

F      Higli  si^le  pressure   p.s  i  g. 

1^       Water-cooled  condenser 
2)       Add  20'F  instead  of  35'F 

6.  Au  conditioner 

A  Refrigerant  R  500 

B  Evaporator  38'F 

C  Ambient  100'F 

D  Low  Side  pressure  D  s  i.g. 

F  High  Side  [.ressure  ps.i.g 


7         Conimercid'  freezer 

A      Rf^ngerant  R-502 
B      h\/vipofdtor  40'F 
C      Antoient  70T 

0      I       -^ide  pressure  p  s  i  y. 

r_      hi'jh.  Side  pressure  P  s  i  g 


8         Coni'^nrciji  :etn aerator 

A  R^fru^f^rant  R  500 

B  Lvaf)LM'at(,)r  40'F 

C  Ar^ilv  nt  65  F 

D  L'jw  side  f^'ossuf   '  g 

r  H,(jh  side  pr^'Sburp  [)  s  i  g 

A  Rptri^jf.rnnt  R  22 

B  t  v.<_!p()Mtuf    20'F  — 

C  A{nh!f;nt  75  'F 

D  L()\\-  sid'^  fKessure  n  s  i  q 

c  Hi-^h.  ;i(le  pressure  P  s  i  q. 


10         Air  ru^jitioMor 

A      R.'tn:|prant  R  22 

R      Fv.iportitf'kr  40  F 

C      Ar  .[u^'Ht   100  F  ^ 

D      L"     v<>r  f)res^iir^^  _    I>    «  g 

E       Hisl-  f;M;..li(t'    _    p  s  t.q 
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REFRIGERANTS 
UNIT  IN 


ANSWERS  TO  ASSIGNMENT  SHEETS 

Assignment  Sheet  #1 

1  Orange 

2  White 

3  Green 

4  YeMow 

5  Purple 

6  G^ay 


Assign nrif'Nt  Sheft  ^2 


1 

D 

6 

6 

D 

44 

E 

136 

E 

232 

2 

D 

4 

7 

D 

4 

E 

169 

E 

230 

F 

125 

8 

D 

46 

3 

D 

35 

E 

141 

E 

181 

9 

D 

10 

a 

D 

66 

E 

229 

r 

260 

10 

D 

69 

5 

D 

35 

E 

317 

E 

117 
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REFRIGERANTS 
UNIT  III 


JOB  SHEET  #1  PRESSURE  CHECK  A  DOMESTIC  REFRIGERATOR 

I.    Toots  and  materials 

A     Refrigeration  gauge  set 
B     Open  end  wrench 

C.  ,   Refrigeration  ratchet 

D.  Shop  cloth 
E  Thernnonneter 

F.  Refrigerator 

G.  Tennperature-pressure  card 
II  Procedure 

(NOTE  Refrigeraxor  should  run  for  thirty  nninutes  prior  to  taking  readings.) 
A     Locate  data 


1I.UI  3111. 

pl^^ 


(NOTE'  Data  plates  are  generally  located  below  the  door  behind  the  kick 
plate/ but  they  nnay  also  be  located  inside  the  cabinet  on  the  lower  left 
fiand  side  or  on  the  condenser.) 

B  Ubtam  nnanufacturer's  name  and  model  number 

C  Obtain  type  of  refrigerant 

D.  P[ace  thermometei  :n  evaporator  compartment 

E>  Obtain  room  temperature^  in  the  area  of  refngerator 

F      Use  appropriate  wrencn  to  remove  cap  from  low  side  service  valve  gauge 
port 

G     Tighten  hose  from  compound  gauge  on  low  side  service  port 
H     Use  refriqeration  ratchet  to  crack  service  valve 

I       Install  pressure  gauge  on  the  high  side  in  the  same  manner  as  the  compound 
q'duqe  was  installed 

V 
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JOB  SHEET  #1 


•V-     J  Record  dii  liiformation  in  spaces  provided  below 

K  Have  instructor  evaluate 

L  -8jck  seat  service  valve 

M  Place  a  cloth  around  hc*3  end  and  gauge  port  when  removing  hoses 

N  Replace  service      ''t  caps 

0  Tighten  caps  fmger  tight  and  then  a  quarter  of  a  turn  with  d  wrench 
P.  .    Clean  up  and  put  away  tools 

Manufact^jrer's  name  and  rrjodel  number  

Type  of  refrigerant  . 

Evaporator  temperature  [   ''F 

Low  Side  pressure  ^   p  s.i  g 

High  side  pressure    P  9 

Ambtent  temperature  
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REFRIGERANTS 

UNIT  Mi 


JOB  SHEET  ^2  PRESSURE  CHECK  AN  AlP  CONDITIONER 

1     Tools  jnd  matenalb 

^^      Refrigeratioi^  gauge  set 

B      Open  e'ld  wrench 

C      Refrigeration  ratchet 

D     Shop  c\oXh 

E  Thermometer 

F      Air  conditioner 

G.    Temperature-pressure  card 
IL    Procedure  ^ 

(NOTE    Air  conditioner  sIioljIcI  run  for  ti^irty  minutes  prior  to  taking  readmgs  ) 

A      Locate  data  [)iate 

(NOTE   Data  oi  \vind()w  air  ronditiof^.  ^^s  a^^  gt^neraily  found  behind 

the  ^ront  gnil,  and  data  platos  on  .^^ntral  air  conditionero  are  found  on 
thp  side  of  thp  rond^'nsuK]  unit  close  to  the  removable  service  panel.) 

B  Ol^tain  fnjMLifactLirer's  nanv;  and  model  number 

C  Obtain  typr  of  refrigerant 

D  P'jce  thprmometrr  m  supply  air 

E  Ot)^^''^  an^bipnt  if^  tiie  area  of  the  cond^^nser 

iPJOTE  This  tem'^-^rature  readmcj  biiouid  not  be  of  tiie  disci^arqe  air  from 
tne  condenser  ) 

F       Use  optH!  pnd  wrpnch  tp  removr  cap  fron^.  iovV  >ide  and  'n''*^  si^^^'  service 
vai^»'  qau{|p  I  jrts 

G       fin^^tHi^  ^"jse  fr on^  rompouH' '  uauqe  on  tovV  sidf'  srrv n  ( 
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JOB  SHEET  #2 

1      Install  [)ressure  gauye  on  the  high  side  m  the  same  manner  as  the  compound 
gdu'j^  was  installed 

J  Record  all  information  m  spaces  provided  below 

K  Have  instructor  evaluate 

L  Back  seat  service  valve 

M.  Place  a  cloth  around  hose  end  and  gauge  port  when  removing  hoses 

N.  Replace  service  port  caos 

O  Tighten  caps  finger  tignt  and  then  a  quarter  of  a  turn  more  with  a  wrench 

P  Clean  up  and  put  away  tools 

Manufacturer's  narr.e  and  model  number  

Tvpe  vof  retrigerant  

Evaporator  temperature   °F 

Low  Side  firessure  p  s.i  g 

Hj:}Ii  side  pre^suf'j   P    '  g 

AmbifMU  temperature  °E 


ACR  I  133-F 


REFRIGERANTS 
UNIT  III 


JOB  SHEET  #3  PRESSURE  CHECK  A  COMMERCIAL  REFRIGERATOR 

I  Tooir  and  materials 

A     refrigeration  gauge  set 

B.     Open  end  wrench 

C      Refrigeration  ratchet 

D     Shop  cloth 

E  Thermometer 

F      Commercial  refrigerator 

G     Tr    ,j&rature-pressure  cara 

II  Procedure 

(NOTE  Refrigerator  shov^d  "un  for  thirty  minutes  prior  to  taking  readings,) 
A     Locate  data  plate 

^^'OTE  Data  plates  are  generally  located  in  the  area  of  the  condensing 
u.nt  or  inside  the  refrigerator) 

B  Obtain  manufacturer's  name  and  model  number 

C  Obtain  type  of  refrigerant 

D  Place  thermometer  in  evaporator  compartment 

E  Ol)tam  room  temperature  in  th^  aiea  of  refrigerator 

F  Use  a  wrench  to  remove  cap  from  low  side  service  valve  gauge  port 

G  Ti(jhten  hose  from  rompound  gau^e  on  low  side  service  port 

H  Usp  refrigeration  ratchet  to  crack  service  valve 

1  Install  pressure  gauge  on  the  high  s'de  m  the  sarre  manner  as  the  compound 
•  jdugo  wdS  tristailed 


(  Jo 


JOB  SHEET  #3  / 

J,  Record  all  information  m  spaces  provided  below 

K.  Have  instructor  evaluate 

L.  Back  seat  service  valve 

M  Place  a  cloth  around  hose  end  and  gauge  port  when  removing  hoses 

N.  Replace  service  port  caps 

0.  Tighten  caps  finger  tight  and  then  a  quarter  of  a  turn  more  with  a  wrench 

P.  Clean  up  and  put  away  tools 


Manufacturer's  name  and  model  number 

Type  of  refrigerant  

Evaporator  tennperature  ""F 

Low  Side  pressure  p.s.i.g. 

High  side  pressure    P-S.i  9. 

Ambient  temperature   ^f" 
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REFRIGERANTS 
UNIT  IN 


JOB  SHEET  ^4  DETERMINE  TYPE  OF  REFRIGERANT 
USED  IN  A  CENTTAL  AIR  CONDITIONER 


I     Tools  and  mjtenals 

A      R-'frtqe'c3tion  qau'je  set 
B      Ofjen  end  wrench 
C      Refr.^^  ition  ratcht^t 

E      Ci^n^r  '  J. I  cuncii '.loner 

Tpmpercru  ^-pressu.j  card 

i'      Proceed  I.  re 

A      Locate  n-sanufacturer's  data  platt 

(NOTE  Manufacturer's  data  p'ates  a"'  usually  found  on  outstde  of 
ccndensmq  unit  ) 

B      Co\)\   refrifjerant  type 

C      Locate  conif)ressor  data  plate 

D      Remove  inspection  panel  or  case 

f'^JOTE    Co'^ipressor  d^ta  plates  are  generally  located  on  the  tot^  of  the 

t      C        rpfnrjerant  t^^  pe  qiven 
L'  -t  j{r  '!ovy  -.on*ro! 

•NOTE  Expansion  vaive  .s  at  tfic  evaporator  iniet  and  the  liqu'd  vaive 
1,  -n  'tc;uid  lirv;    Cjf)ii'dr/  ^v:hr;3  Will  not  qive  refrigerant  type  ^ 

C'>PV    rf.^M'^erj    t  ty'f. 

r       0^'^  i.^i  r^'tf!  ^M:it-of>  press  ir^  roadinqs 

'     FE    A  r  '  '^nditinfiLT  s[^)u!d  run  fifteen  rninutes  prtor  to  aidkinq  pressur'- 


ERIC 


JOB  SHEET 

1  Um'  j  vv(''f\cli  to  ronM)ve  cap  from  low  side  service  valve  gauqe 

2  fifji^tei)  liose  ^roin  comf)ound  gauge  on  low  side  serv'ice  Dort 

3  Use  refnyeration  ratchet  to  crack  service  valve 

4  'tP^tviM  pressure  qauqe  on  the  hiqh  side  in  the  saaie  nnanner  as 
tliu  cofiipound  qauqe  was  installed 

5  Record  all  infuraation  in  spaces  provided  below 
HdV!^  instructor  evaluate  procedure  and  readings 

Bdi  k  st'at  service  valve 

Pi.ic^  a  L'oth  around  hose  end  and  gauge  port  y.,ien  removing  hoses 
^^^'place  serviLe  port  caps 

Ti'-^Men  caps  fipfjer  tight  and  then  a  quarter  of  a  turn  more  v;ith  a  wrench 

Ji^'jM  'Ji^  afui  put  away  tools 

qf'rarU   iropi  manu f^'^cturer's  data  plate  

aeMfi*  from  corrt[jressor  fiata  f)late  

qt  Mnt  I'rofT)         expansion  valve  or  ott^er  flow  control 

]>:rd"i      checkhu]  pressures  and  convertmg  "^n       temperature-pressure '.aro 
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REFRIGERANTS 

UNIT  III 


TEST 


Match  the  terms  on  tht  r.qht  to  the  correct  definitions, 

d    Groufj  of  cliemicals,  of  which  the  most  1. 
active  is  fiuonne  t 


b    Monochlorodifiuorometfiane,    CHC1 F2, 
a  liaiicle  refnnerant 


c    Ammonia,  NH3,  a  nonhalicie  refnyeraf)t 

d.  Container     m     which     refrigerant  is 
purchased  and  dispensed 

e    Mixtures  of  hatide  refrigerants  in  ordpr 
to  make  a  singie  refrigerant 

f    Dichiorodi  fluorome  thane,    CC1 2f^2'  ^ 
haiide  re^ru^erant 


5 
G 
7 


R-11 

Halide 
refrigerants 

Azeotropic 
mixtures 

Ambient 
temperature 

R'717 

Haloqen 

R  12 


c]  Refriqeraf^'t  comipound  containing  one  or 
more  carbo'^  aioms  and  fluorine 

ii  S()fjciai  -hydrated  01!  used  in  a 
re^ncjeration  mechanism  for  lubricacion 
and  cooling 

1  Group  of  refrifjorants  containmq  hdloqcn 
rhfjm'f.uls 

;  An/  s.jbstjnc^/  wMich  f)roauces  a 
n'Uiqf^rat'r.t]  etfocT  \)w  i^s  absorfUion  of 
or  at  vVhi-e  ^'v  {fiordttnq 

r? tc^loromoPfjfiuorc^f'iPtHaop  CC'.3F,a 
^^al'df^  -pfriq^'r 


8  Fiuorocarbon 
9.  Rtjfrujfrjnt 

10  Dtsposdole 
''r,qri(]prafit 
cvlinder 

11  Rf'frir]f^rant  oil 

12  Rofrujcrant 

13  R  22 


KjL.r  jrjt  f;jf^t]|ru^f  w^'.i^  h  ranmjt  he 
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Match  the  common  types  of  refrigerants  on  the  right  to  their  chemical  name. 

a    Trichloromonofluoromethane  {CCI3F)  1.  R-500 
 ^b.  Dichlorodifluoromethane  {CCI2F2)  2.  R-717 

c.  Monochlorodifuoromethane  (CHCIF2)  3.  R-11 

 d.  Refrigerant  500  4.  R-12 

 p    Refrigerant  502  5.  R-22 

 f.   Ammonia  (NH3)  6.  R-502 

Match  the  cylinder  color  codes  on  the  left  to  the  types  of  refrigerants. 

 a,   R-500  1-  Yellow 

 b.  R-717  2.  Gra/ 

 ^c.   R  502  ^-  Green 

 ^d,   R-12  4.  Orange 

 ^e.   R-22  5.  White 

R-11  6.  Purple 


Match  the  types  of  refrigerants  on  the  right  to  their  applications. 

a.  Refrigerant  for  domestic  and  commercial        1 .  R-500 
air  conditioners 

2.  R-12 

b.  'Cleaning  agent  for  contaminated  systems 

'  and       a      refrigerant      for      large        3.  R'502 

air-conditioning  systems 

4.  R-717 

c.  Refrigerant  for  aomestic  and  commercial 

air  cond it: oners  and  freezers  5.  R-22 

 ^d.  Industrial  compression  and  absorption        6.  R-ll 

type  refrigeration  and  air  conditioning 

e.   Refrigerar  t  for  commercial  freezers  and 
refrigerators 

^  f.    Refrigerant  for  domestic  refrigerators, 

freezers,  and  automobile  air  conditioners 


7? 
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List  seven  desirable  characteristics  of  a  refrigerant. 

a 

b 

c 

d 

e, 

f. 

g 

Match  section*-  oi  the  temperature  pressure  chart  to  the  name 


a    Bold  numbers 


_b    Top  of  chart 
c  Itahcs 
d    Left  margin 


1  Vacuum  (in  "Hg) 

2  Pressure  (m  p  s  i  g 

3  Tem[)erature 

4  Refrigerant  tvpe 


Name  three  methods  of  leak  detection 

a 

b 


8        List  eight  safety  precautions  for  refrigerant  handling 


d 
e 
f 

g- 

h 


\ 

t  9 

Describe  the  procedure  for  obtaining  refrigeration  system  pressures 


List  three  methods  of  determining  what  type  of  refrigerant  is  in  a  system 

a 

b. 

c 

Demonstrate  the  abihty  to 

a  Comf)ute  temperature  pressure  problems 

t)  Pressure  check  a  domestic  refrigerator 

c  Pressure  cfieck  au  air  conditioner 

(j  Prfissi're  clieck  a  commprcu!  refntjt^rator 

e  Determme  type  ot  refrujeiant  used  in  a  central  air  conditioner 

(NOTE  If  tfiese  activities  havt'  not  [)een  accomphshed  piior  to  the  tost,  ask 
your    'v,tr  K  tf)r  vviuni  ttiey  sfiould  be  completed) 
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RbFRIGERANTS 
UNIT  111 


ANSWERS  TO  TEST 


a      6  f      7  k,  1 

b.     13  g.     8  14 


5  h      11  m.  10 


d  12  I  2 

e  3  J  9 

2.        d  3  d.  1 

b  4  e  6 

c  5  f.  2 

3  ?.  1  d.  5 
h  2  e  3 
c  6  f  4 

4  I  ci  4 
b  6  e  3 
c  5  t  2 

5'      a  Nontovic  e      Low  boiling  temperature 

')  Nonflammable  f.      Chemically  stable 

r  NonexDiosive  H      Mixe":  easily  with  oil 

d  NopcorroSiVf 

6  .i  2  c  1 
h  d  3 

7  'a  Soap  solution 
b  H-'I'de  tccti 

r  fElL'Ctrnnic  leak  detector 
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Any  eiut  !  of  l^e  fnllowinq 

h      L^n  rut!     Ml  (iiS[)ciSHtM.'  rofngfrdni  cyiindors 

f!  c\'i.u'iT^  ID  J  moving  veiiu  ■ 

Do  nvU    }Mmv  [(Mrujf^rant  on  skm 

>^      D*"*  fu)t  sijfdv  't'fnyerant  into  open  Hamf^ 

S       0'^  '  ol  r'^^^rirjerants  ^ 

!       R»-p'jCfj  oyhfuic'f  cap  when  not  m  use  to  protect  valve 
j       Or   u:)i        or  i  jrr-,/  (^v!incler  by  vaive 
k      Sv(i\>'  lo  ;vall  or  bench 

H.'A'c       u.'.jt^-^  ventilation 

Obtd"^  'ov,  ..O^j  [)r<--ssure  Of  vacuu'Ti  by  connecUnq  gaua^  Sf^t  to 
ri^^r.cy ^ltlon  ^;vSton> 

i;        Redd  pressure  on  0  250  p  s  i  g.  scale 

7>        R^Md  vacuum  on  0  30"  Hq  scale 

jtU.iiM  -  Ki^^  Side  pressure  Read  t^ressure  on  0-500  p  s.i  q  sca'e 

A  ' ;  iKh'r  at  rbe  follownuj 

J      R«      '^lanutacturer  s  date  i-iate 

p      ^^r^tvl  ro^npr^s  or  data  plate 

(       Lo  .1-       f  •  I'^ju  lent  parts 

f.      i.;s  [M Closures 

'  '  ,  ~lai  jviuq^^s 

V  u  :  ! ' >surf^s 

i'  '-,^^ft  o'--Apfi",  to  tvj!c;jerjtiir(^  i.sifHj  tef^iperoiurc  pressufo  oil 
r    .  ,  ,    >   '  .^il.'ij    o         >ati  >tacn()fi        pip  mstruclor 
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EVACUATION 
UNIT  IV 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  nnatch  ternns  associated  with 
evacuation  to  the  correct  definitions  and  list  the  reasons  for  evacuating.  He  should  also 
be  able  to  describe  the  effects  of  "amhient  tennperature  on  evacuatioa,  describe  the  three 
^ypes  of  vacuunn  indicators,  and  use  the  vacuunn  steam  table.  This  knowledge  will  be 
evidenced  through  demonstration  and  by  scoring  eighty-five  percent  on  the  upit  twt. 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

/ 

1  •     Match  terms  associated  with  evacuation  to  the  ccnrect  dafinitiorts. 

2  List  three  reasons  for  .^dcuatmg  a,  refrigeration  system.^ 

3  *  Select  the  ef^cts  of  moisture  in  a  refrigeration  system, 

I" 

4  Select  the  effects  o   air  in  a  refrigeration  svstefn. 

5  Describe  the  effects  ambient  temperpture  ha?  on  proper  evacuatiorv. 

6  Distinguish  between  low  and  hiqh  vacuum  numbs. 

7  List  SIX  steps  in  the  care  of  vacuum  pumps. 

8  Describe  three  types  of  vacuum  indicators 

9  Demonstrate  tfie  ahili'ty  to 

a      Us^  the  vacuum  steam  table, 

c 

b      Evacuate  a  refrigeration  system  and  use  a  mercury  manometer, 
c      Evacuate  a  refrigeration  s^/stem  and  use  an  electr^ic  vacuum  gauge, 

d      Tr![)le  evacuate  ^ 


745 
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EVACUATION 
UNIT  !V 

SUGGESTED  ACTIVITIES 

I  Instructor 

A     Provide  student  vvitli  o^:jective  sheet 

B      Provide  student  with  information,  asstqnnnent,  and  job  sheets 
^  C      Make  transfiarencies 
D     Discuss  unit  and  spec  *ic  objectives 
E      Discuss  information  and  assignment  sheets 

F      Demonstrate  and  discuss  the  procedures  outlined  m  tne  job  sheets 
G      Demonstrate  boihng  v^/at^ ;  Vv.th  a  vacuurr^  pump 
H      Demonstrate  the  use  of  vaci  um  pumps  and  vacuum  indicators 
!       L'se  empty  refriqerart  cylinder  tor  demonstrating  triple  evacuation 
J      Give  lest 

II  Student 

A      Read  ot):^^ctive  sr^j^^t 

B      Study  ;n forrnr^bOn  she^^t 

C      Cofvi'  IptP  assi'innif  ^  toh  shj^ot^ 

;rjSf  HUC^  lUNAL  MAiFRlA'  ^ 
^  A      O^'i'M/  ve  "  ^^^f^t 

P         '!  Vl  /  Sin,^!,^  S^r-^.)'^  1- '  v;  VtH  uurTi  Pun  ns 
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3        TM  3  Two  Stage  Hi()h  VaCLiuni  Pumps 
/  4        TM  4  VactRjm  Indicators 

D     AssiqniiUMit  Sheet  ^1  Use  the  Varuurn  Steam  ^al^le 
E      Af^svvers  to  dssujnnieiu  sheet 
F      Job  sheets 

1  Job  Sheet  #1  Evacuate  a  Refrigeration  System  and  Use  a  Mercury 
Manometer 

2  Job  Sheet  ^2  Evacuate  a  Refrigeration  System  and  Use  an 
Electronic  Vacuum  Gauge 

3  Job  Sheet  ^3  T.  ipie  Evacuate 
Cj  lest 

H      AfiswefS  to  tt'Si 
H  Rr'ferences 

A     Rr'r-qr>rjt-r>n  Sefvi^  e    Fjrt  1   Benlon  Harbor,  Michigan    Whirloool  Coru  , 
1970 

B      B.s^sjn,   Roliert  VV    Fund ifriontdlz  of  Dehyiirntinq  a  Reffgerant  Svstem 
jjVfjntpplif r,  Ohio    R()t)mair  Manufacturinq  Cor[)  ,  1969 

C      \\,u)(lr(.()t   VViih.Mi^  Wcilion    Servicuig  Comfort  Cooling  Systems   2nA  ed 
CM.«--)ij'>     Viin    NiMAW  Hon^e  Study  Institute  1974 


I  vA<;iiAi  lorv 
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I. ,   'I  (    -'^  t  )f  MU'fi  I'!  V     '  [-i,;!  o"  a  0  to  30"  scdV' 
C      '\'.)^  U.t  T        t)r^"-A.».    fii^viS  j'ciTitnit   w)  rfiousdndtin  .f  niiilinifters  of 


'4R  r" 


111       [  tU.u  !s  it 

A      I.  . 


i  U)\r.  jt  hv;Mfisiun  point  stofjpirh]  fe'friqerant  Wow 


R  C^^'^i^'irJ  \\"  Mdinr^jf;  t/pe  re'nfjef ti!^ts  't  creates  iiydrocliionc  ^iiul 
C      C\  J  rrfr.titTcM'  o''  uMfi  nedt,  It  crejtes  sludqe 

'^i'.)iL'    'vV^^en  conn  rrjSM'cl  ni  tKr'  ^ c  > f-jjeotioi i  svstrrn,  d'r  can  m icr ',ciS'"*  the 

r  J  f  j-^'i").^  '^onpt'rpicU'f 'm  d  jinocj- 

'A  , '.  !  "      .[)      (/:"'  'i^  (  ^;nci  'St-r 
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INTURMAT'ON  SHEET 


1         S"  ']\^'  sUi^V'  Of  iVvO  staqo 

3         ^  't-J  -It  1   t>'  5  c  f  m 

>,  ^O^^E  ViO  fdtf'  of  evdcudtion  of  any  vacuum  pumu  is  directly 
rt'ldtf'Ci  I  1  t'-r  size      ih^^  lifif  connectmg  it  to  the  system  as  shown 


TABlF  ' 


F 

ifuil  Absolut 

^  Pressure 

I 

L(/.\ 

Vdcuum  1 

Vacuum 

T' 

^   1  ! 

57 

78 

mm 

"   1  1 

0 

39 

mm 

56 

niio 

b  C  ^- ' ' 

;  4 '  ! 

[} 

28 

m 

43 

mm  ^ 

]  Cf\ 

V.)  O 

0 

40 

n)m 

51 

mm 

:  3'  ! 

D 

22 

m  i  n 

29 

mm 

;  "  i 

\j 

12 

nim 

16 

m  i  n  _ 

;  ?  ! 

D 

37 

m  1 

'45 

mm 

f  ' 

n 

1  J 

mir^ 

23 

p  CF^' 

[j 

8 

fT^f ri 

10 
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INFORMATION  SMEET 

3  Should  not  be  sole  indicator 

4  VdCiuim  i<i  read  on  the  0  to  ?C*'  part  of  the  gauge 
^v^jrcury  f.^anorT'eter  w 

1  A'^curate  neiovv  25" 

7  Ke<^|)  capped  when  noi  n  use 

3  ^'^ust  be  kept  iri  vertical  position  when  using 

4  \/acuum  is  read  dhectiy 

1.^  Ai^pj  tf^e  am^ount  of  nnercury  above  zer-^  on  +he 
left  to  the  amount  h«'low  zero  on  the  "^nd 
then  subtract  from  30  mches 


1  !o 


cn 


.O'^E    In      ']ure  '  \\^'''         S'l'Jp  'eads    1  ificii  aoovf^  /Pf ')  anfi 
:  <j^^*  '-^.fit^    1  if^c^'  r)f"ov\  And  tfiese  two  -iqures  tcjij-M^i-.n 

:  ^ui^tr.i'M  ho'Ti         Th'^  answer  vVOulM  [)e  ?9  8"  Hq  ) 


f  j  r  ,^        lit  ,,{f' s   *hr      ,  M  ■  ri     ,   f  w  a  , 

.it'^      )hLfic  [)r»'^r>ijf iiMii(fi^"S  J  i"..^ 
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INFORMATION  SMEET 

electronic  ^'jLiijm  qauye 

1         Accur.-^ie  below  29''  Hq 

2.       Gr^es  accurate  readrnqs  to  50  iTncrons 

3  Use  wiih  \\\o}^  vacuum  pumns 

4  Durable  er^.ouqf^  for,  field  use 

'NOTE  Do  not  aliow  refnqerant  pressure  to  enter  the  vacuum 
sensor  as  this  would  destroy  it  ) 


Vacuum  Steam  Table 


Temperature 
In  F. 

Inches  of 
Mercury 

Microns* 

212 

29.92 

759,968 

205 

25.00 

635,000 

194 

20.69 

525,526 

176 

13.98 

355,092 

158 

9.20 

233,680 

140 

5.88 

149,352 

122 

3.64 

92,456 

104 

2.17 

55,118 

86 

1.25 

35,560 

80 

1.00 

25,400 

76 

.90 

22,860 

72 

.80 

20,320 

,  69 

.70 

17,780 

64 

.60 

15,240 

59 

.50 

12,700 

53 

.40 

10,160 

45 

.30 

7,620 

32 

.18 

4,572 

21 

.10 

2,540 

6 

.05 

1,270 

-24 

.01 

•  254 

-35 

.005 

127 

-60 

.001 

25^4 

-70 

.0005 

12.7 

-90 

.0001 

2.54 

*  Remaining  pressure  in  system  in  microns 
1.000  inch  =  26,400  microns  -  2.540  CM  -  25.40  MM 
.100  inch  =    2,540  microns  -    .254  CM  -    2.54  MM 
.039  inch       1,000  microns  =   .100  CM  =    1.00  MM 


Two  Stage  High  Vacuum  Pumps 


Vacuum  Indicators 


Mercury  Manometer 


Electronic  Vacuum  Gauge 


Compound  Gauge 
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EVACUATION 
UNIT  IV 

ASSIGNMENT  SHEET  ^1  USE  THE  VACUUM  STEAM  TABLE 

Use  the  chart  below  to  arrive  at  the  answers  to'  the  problems  When  using  the  vdcuum 
steam  table  the  inches  of  mercury  are  subtracted  from  30 

Example         Water  would  boil  at  what  temperature  if  there  were  a  vacuum  of  29.20" 
Hg  on  the  system^ 

30  00 
29.20 

80  Answer'  72'F 

VACUUM  STEAM  TABLE 


Temperature  ] 

Inches  of 

in    F  1 

Mercury 

Microns* 

122  1 

3.64 

92,456 

104 

X>  2.17 

55,118 

86 

1.25 

35  560 

80 

1.00 

25,400 

76 

.9C 

22,860 

72 

.80 

20,320 

69 

.70 

17,780 

64 

.60 

15,240 

59 

.50 

12,700 

1         How  much  vacuum  would  have  to  be  pulled  on  a  system  when  the  ambient 
IS  59T^ 


2.        A  micron  reading  of  25,400  would  be  how  many  inches  of  rnprcury  on  the 
mercury  manometer^ 


3.       The  ambient  temperature  at  the  condensinq  unit  is  86'F  and  the  ambient  at 
the  evaporator  is  64''F.  How  mucli  vacuum  will  need  to  be  pulled^ 


ft 


ASSIGNMENT  SHEET  f?1 


To  properly  ^^vacuote  a  system  at  29"  Hg  what- must  the  ambient  temperature 
!)e? 


In  a  shop  with  70^F  ambient  a  vacuum  pump  that  will  only  pull  28"  Hg,  is 
sufficient  dehydr.ition  possible? 


i  h  jt 
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EVACUATION 
UNIT  IV 


ANSWERS  TO  ASSIGNMENT  SHEET 


1  29  5"  Hg 

2  ■    29"  Hq 

3  29  4"  Hq 

4  8or 

5  No 


7^^ 
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EVACUATION 
^  UNIT  IV 


JOB  SHtCT  ^1  EVACUATE  A  REFRIGERATION  SYSTEM 
AND  USE  A  MERCURY  MANOMETER 


i     TooU  and  materials 

A      Retr!(]erdt!on  qauqe  set 

B      Retrujerdtion  ratchet 

C      Open  end  wrench 

D     Vacuuni  f)ump 

E      Mercury  manometer 

F  .    Refriqeration  system 
II  Procedure. 

A     Altacli  refriqeration  gauge  set  to  system 

B      Crjck  service  valves 

C      Dts':i)3rqe  any  refnqerant  pressure  that  may  exist 

D     Connect  qauqe  set  center  hose  to  vacuum  pump  miet  port 

E      RfMnove  cap  from  vacuum  pump  outlet  port 

F      Starr  t^^e  vacuum  pump 

G      r)[),->  tiio  sirje  refri(jeration  gauqe  set  valve 

^-i     VVn.  .;  tlie  compnuru]  (jauqe  sItows  a  vacuum  of  5"  Hg  or  more,  open  the 
,{ie  r^^frujpration  (jauqe  set  valve 

^^iOTE  If  \Ue  ccMnpound  qaucje  rioes  not  show  a  vacuum  m  a  few  minutes 
jftpr  of)erat)on,  turn  oft  tlie  pumf)  and  pressuri/e  the  system  to  check  for 
rpstr'ctions  ) 

I       After  d  va(n)uf"n  of  ?5"  flq  has  hfM^n  readied,  tfie  mercu^-y  manometer  should 
[)*^  usf^l  f(or  a{. curacy 

J       Evacuate  to  29"  Hq 

K      r^cKuatf^  for  ,jf)[)r(,xifnrit<^^v  tw^'Oty  niinutes  after  rfMchuKj  29'  Hq 
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JOB  SHKT  #1 

L      Clost'  rffriijeration  gauge  set  valves 
"^1      Turfi  oil  tfu*  vacuum  pump 

M     It  vdcwuni  indicator  returns  to  atmospheric  pressure,  there  is  a  leak 

d     If  vacuum  iriHicator  raises  3  to  5"  Hg,  then  stops,  moisture  is  still  present 

\n  tiie  syt>tpfn 

P      UHTk  vvitli  tfie  in.  uctor  before  continuing 
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EVACUATION 
UNtT  IV 


JOB  SHbCr        EVACUATE  A  REFRIGERATION  SYSTEM  AND  USE  AN 
.ELECTRONIC  VACUUM  GAUGE 


Tools  aoc  materials 

A      Pefr'uer.mon  nauqe  s-^t 

B      Ref'^.vjoration  ^a^^M^^t 

C      Gvt-n  end  wrench 

D      Vacuum  puf^iu 

E      Electronic  vacuum  gauge 

r      Re*'r!rjerat;on  system 

Procedure 

A.    Attach  refrigeration  gauge  set  to  system 
B      Crack  service  valves 

C      Dischar.)e  any  refrigerant  pressure  that  may  exist 

D      Connect  elpctronic  vacuum  gauge  to  system  (Fiyur-  1) 


FIGURE  1 


To  Gauge  Manifold 
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JOB  SHEET 

E      Coonec.  rt'fM»]oration  qcHJ()f  set  center  hose  to"  vacuum  oump  inlet  port 
F      RtMnov^'  i\ip  from  vacuum  pum[i  Outlet  port 
G     StJit  the  vacuum  pump 

H     Op^Ti  'ho  iiiqli  side'^^efriqerdtion  gauge  set  valve 

I       vVhen  the  compound  qauqe  shows  a  vacuum  of  5"  -Hg  or  more,  open  the 
low  sido  refrigeration  gauge  set  valve 

J      After  a  vacuum  of  29"  Hq  has  been  reached,  the  electronic  vacuum  gauge 
sliouid  be  used  for  accuracy 

K  Ewicuate  to  500  microns 

L  Evacuate  for  aDnroximalely  twenty  r,iinutes  ..fter  reaching  500  microns 

M  Closi^  rf'fr'qeratiOti  qauqe  set  vaivcs 

N  Turn  oft  vavuur^  jump 

Ct  Ch.'ck   w'tii  mstr:.  tor  belorL»  continuing 
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EVACUATIOW 
UNIT  IV 


JCd  SHEET  #3-TRIPLE  EVACUATE 

I  Tooh  cirui  matenal^s 

A     Refrigeration  gauge  set 
B      Refrigeration  ratchet 
C     Open  end  wrench 
D     Vacuum  punnp 
E      Mercury  manonnetcr 
F      Refrigeration  system 

i 

II  Procedure  f 

A.'  Attach  refrigeration  gauge' set  to  system 

B      Crack  service  valves  * 
C      Discharge  any  refrigerant  pressure  that  may  exist 

D.  Connect  gauge  set  center  hose  to  vacuum  pump  inlet  port 

♦ 

E.  Remove  cap  from  vacuum  pump  outlet  port 
F      Start  the  vacuum  pump 

G.    Of)en  the  high  side  refrigeration  gauge  set  valve 

H     When  the  compound  gauge  shows  a  vacuum  of  5"  Hg  or  more,  open  the 
low  side  refrigeration  gauge  set  valve 

I       After  a  vacuum  of  25"  Hg  has  been  reached,  the  mercury  manometer  should 
be  used  for  accuracy 

^       J  Evacuate  to  29"  Hg 

K  Evacuate  fur  approximately  twenty  minutes  after  reaching  29"  Hg 

L  Close  refrigeration  gauge  set  valves 

.V  Turn  off  the  vacuum  pump 

N  Disconnect  ronter  liose  from  vacuum  pump 
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JOB  SHEET  #3 

0  Conneut  C'^ntpr  ^\)se  to  refriqerant  drum 

P  Pi'fjt'  .iif  tJUHi  ceriter  iiose  ^ 

Q  Open  if^e  fiiqh  side  refngerat'on  gauge  set  valve 

R  Prt^'ssurizp  system  to  b  p  s  i  g 

S  A'iovv  syste.n  to  set  for  5  minutes 

T  Discharge  refrigerant 

U  Repeat  steps  "D"  through  "T"  one  more  time 

V  Rt'fKMt  steps  "D"  through  "S" 

W  Check  wtth  the  instructor  after  the  process  has  been  completed  three  times 
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-  EVACUATION' 
UNIT  IV 


"EST 


Match  the  terms  on  the  right  to  the*^orrect  definitions 


ji.   Rennoval   of  air  and  rroisture ronn  a 
refrigeration-  system 


b  Pressure  measuring  instrument  consisting 
of  a  "U"  shaped  glass  tube  a^l  mercury 

c  Nonfodminq,  non additive  oil  designed 
for  use  in  vacuum  punM)S 

<\  VdCLKifn  of  2,000  r)iirr(jns  nv)t^\ 
oi}tji!idhK'  'Vit'i  :\  s^nqlr  SuJtjf  punii^ 

'>  Si;hstjn(PS  that  iffiusm  in  d  qjs^vjus  forh, 
in  J  ff^frifjr'fdtion  systjM''^  such  as 
nitrogen  and  oxyijen 

f  Discharges  tnto  a  second  vacuum  and  is 
capable  of  pulling  down  to    1  microns 


_g    Pressure  b^iow  the  atmospheric  [pressure 
'    of  14,7  p  s.i  ,  indicated  by  incfies  of 
mercury  ("Hg)  on  a  0  to  30'*  .scale 

h.  Vacuum  of  2,000  to  1  microns, 
requiring  a  two  stage  pump 

1  Unit  of  pressure  measurement  in 
thousandths  of  millirrpters  of  mercury 

j  Discharges  directly  into  the  atmosphere 
and  IS  capable  of  pulling  down  to  1,000 
microns 

k  G  Kjge  pressure  plus  the  atmospher»c 
pressure  of  14  7  f)  s  i 


2. 

3 

4. 

5 

6 

7 

8. 

9 
10 

11. 


Vacuun^i 
pump  (J 1 1 

Micron 

Evacuation  ' 

Noncon('ensables 

High  vacuum 

Vav':uut^i  ' 


Sin(|le 

sttKje  pumf) 

Mercury 
manometer 


Low  vacuilm 

Two  stage 
pump 

Absolute 

■'pressure 
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List  threeVeasons^for  evacuating  a  refrigeration  systenT.  ^ 


a. 


Select  the  effects  .of  moisture  in  a  refrigeration  systenn  by  ptacino  an  "X"  in 
the  appropriate  blank. 

a    Floods  the  bowl" float  \      '  »  ' 

^      b    Combined  vvith  refrigerant  oil  and  heat,  it  creates  kludge 
'  c.  Causes  deterioration^  of  metal  parts  inside  the  refrigeration  systel* 


d.  Dilutes  the  refrigerant 


i 


e    Ice  crystals  will  form  at  expansion  point  stopping  refrigerant  flqw 
f    Makes  sloshing  noise^in  compressor 

f 

 g.  Combined  with  halogen  type  refrigerants  it  creates  hydrochloric  and 

hydrofluoric  acid  j 

Select  the  effects  of  air  in  a  refrigeration 'system  ty  placing  aa  "X*'  in  the- 
appropriate  blank 

a.  Aids  in  the  cooling  of  valves  ^ 
  .  ^ 

b  Noncondensables  combined  with  moisture  will  accelerate  the  formation 

^  of  corrosion,  acid,  copperplating,  and  sludge  ^ 

 Will  take  up  space  in  condenser  '     *  '  • 

^  ;d.  Causes  bubbles  in  sight  glass  *  '    '  *^ 

e    Increases  the  discharge  pressure 


Describe        effects  ambient  temperature  has  on  proper  evacuation. 
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Distinguish  between  low  end  high  vacuum  puiTtps  by  placing  an  "L"  next  to 
the  characteristics  for  a  low  vacuum  pump  and  an"""H'*  nextto  the  cnaracteilstics 
for  a  high  vacuum  pump. 

 d.  Single  stage      tWo  stage 


b    Generally  of  tf^s  compressor  type 


c.  Sing!^  stage 

__d.  Rated  bi  ^  to  5  c.f.m. 

J.  Rated  at  1  cubic  foot  per  minute  (c.f.m.)  or  less 

f.  Belt  or  direct  coupling  d'ive 


7.        List  SIX  steps  in  the  care  of  vacuum  pumps. 


I 


8,   ^    Describe  the  three  types  of  vacuum  indicators, 
a      Compound  gauge 
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b      Mercury  nidnometer 


c      Electronic  vacuum  gauge 
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Demonstrate  the  ability  tc 

a      UsG  tlie  vacuum  s'.  am  table 

o      t-vaa.dtp,  3  refriyeration  system  and  use  a  mercury  manomoter 

c      Evacuate  a  rofriqeration  system  and  use  an  electronic  vacuum  q-iqe 

d      Triplfi  evacuate 


iNOTH  If  these  a.taities  have  not  been  a(.complishcd  prio 
vou'r  insnuctur  when  tney  should  be  completed.) 


,  to  the  test,  ask 
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EVACUATION 
UNIT  II 


ANSWERS  TO  TEST 


1        a,  3                        e.     4  ^  i.  2 

b.  8  f.     10  7 

c.  1  g.     6  k.  11 

d.  9  h.  5 

4^2.       a  To^-f^move  noncondensables  from  the  system 

'    b.  To  remove  oil  trapped  refr.gerant 

c  To  remove  moisture  from  the  system 

3,  b,  c,  e,  g 

4.  b,  c,  e 

5  Description  should  mclude' 

a  Moisture  is  removed  in  a  vapor  state 

b  Boilmq  temperature  decreases  as  the  pressure  decreases 

c  Increasing  the  ambient  temperature  will  decrease  evacuation  time 

6  a  H  d.  H 
b  L  e.  L 
c  L                         f  H 

7  a  Check  to  see  if  the  pump  will  pull  a  vacuum  on  itself 
b  Change  oil  after  every  extensive  evacuation 

c  Keep  pump  clean 

d  Keep  caps  on  the  inlet  and  outlet  ports  ^ 

e  Do  not  discharge  refrigerant  through  the  vacuum  pump 

f.      Do  not  of)ercite  vacuum  pump  with  a  low  oil  level 
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Description  should  include 
a      Compound  qouc}^^ 

1)  Used  m  conjuctK^n  \A'.ih  otiier  vacuum  md.catots 

2)  Aocurat-  to  25"  Hcj 

Ji        Sliould  not  be  sole  iruiadtoi 

4)        V^^cuufn  i'3  fpJd  on  ti^e  0  to  30"  part  ot  the  gauge 
b      Mefcu:y  nianorr.eter 

1)  Accurate  be'o'v  25"  H.) 

2i        Keep  capped  wlvn  not  m  usu 

3)  Must  he  kef)t       vetlic.i!  [)osition  when  usmg 
4^        V^^cuum  IS  rt^dd  dtrectK 

5i        vViii  indir.itM  ,1  iP.ik  or  moisture  stifl  in  the  system  after  the  pum() 
ts  sn'iit  v^'ff 

i)     yio  ^.bc\\^^r       reanincj  indicates  ^he  system  is  okay 

h]     R^MdifM|  n  Uiii^s  to  atmost)heric  pressure  indicates  a  leak 

f     SiKjht  rlvinqf  in  tr.jdinq  indicates  moisturp  still  in  tiie  system 

c       FIt'f't,  (H;ic  \'icuuf^i  'j'juqe 

1 ,        Am  ui       h^.Mow  29"  Hi| 

2)  GiW'S  jrtur-ih    'tMdmns  to  50  mu.rons 
3^  with  '-i'^       ^'J'^^'  pupips 

4)        Dm  i\A^'  orMUj(p         fit'Ul  use 
Perfi)fman('<    ';hi!s  eva'ua!- d  t^;  tiie  s.it.sfartion  of  tfie  instructor 


PROGRESS  CHART 

Basic  Compression  Refrigeration 


Air  Conditioning 
and  Refrigeration 

Secon  F 
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PROGRESS  CHART 

Basic  Compression  Refrigeration 


Date 
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PRESSURIZING  AND  LEAK  TESTING 
UNIT  I 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  define  terms  associated  with 
pressurizing  and  leak  testing,  list  the  safety  ru'es  for  pressurizing  a  refrigeration  system, 
and  list  the  steps  for  determining  if  a  leak  exists.  He  should  also  be  able  to  arrange  the 
steps  for  pressurizing  and  use  soap  bubbles,  a  hahde  torch,  and  an  electronic  leak  detector 
to  find  a  refrigerant  leak.  This  knowledge  will  be  evidenced  thiough  demonstration  and 
by  scoring  eighty-five  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Define  terms  associated  with  pressurizing  and  leak  testing. 

2.  List  five  safety  rules  for  pressurizing  a  refrigeration  system. 

3.  List  five  steps  for  determining  if  a  refrigerant  leak  exists. 

4.  Arrange  in  order  the  steps  for  pressurizing  a  refrigeration  system. 

5.  Demonstrate  the  ability  to. 

a.  Leak  check  using  soap  bubbles. 

b.  Leak  check  using  a  hahde  torch. 

c.  Leak  check  using  an  electronid  detector. 

d.  Pressurize  sv^stem  with  dry  nitrogen  and  leak  check. 

e.  Leak  check  using  refrigerant  plus  nitrogen. 
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PRESSURIZING  AND  LEAK  TESTING 
UNIT  I 

SUGGESTED  ACTIVITIES 

L  Instructor, 

A     Provide  student  with  objective  sheet, 

B.  Provrde  student  with  tnformation  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  an'-J  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Emphasize  the  precautions  to  be  taken  when  pressurizing  wtth  nitrogen. 

H.  Give  test. 
II.  Student: 

A     Read  objective  sheet, 

B.  Study  information  sheet, 
C     Complete  job  sheets, 

D  Do  extra  projects  in  order  to  become  proficient  in  the  art  of  leak  testing. 
E,     Take  test, 

INSTRUCTIONAL  MATERIALS 

I     Included  in  this  unit 
A     Objective  sheet 
,  B      Information  sheet 

C,  Transparency  masters 

1        TM  1 -Pressurising  a  Refrigeration  System 
2.       TM  2-  Dry  Nitrogen  Cylinder  and  Regulator 
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PRESSURIZING  AND  LEAK  TESTING  , 
UNIT  I 

INFORMATION  SHEET 

Terms  and  definitions 

A  Dry  nitrogen-Oil  punnped  nitrogen  m  a  pressurized  cylinder,  used  for 
piessurizing  refrigeration  connponents  and  sweeping  the  systenn  while 
soldering  or  brazing 

(NOTE.  Specify  dry  nitrogen  when  ordering  because  some  nitrogen  is  water 
pumped  which  would  contaminate  the  system  ) 

B  Regulator-  Device  for  reducing  high  cylinder  pressure  to  a  low  working 
pressure 

(NOTE-  Nitrogen  regulators  have  internal  pressure  relief  valves  to  pievent 
cylinder  pressure  from  entering  the  system  in  case  of  regulator  failure^ 

C  Acid  brush'-Small,  stiff  bristle  brush  which  is  often  used  for  aoplying  flux 
or  soap  bubbles 

Safety  rules  for  pressurizing  a  refrigeration  system 
A     Wear  safety  glasses 

B      Never  use  oxygen  or  acetylene  to  press  .nze  a  system 

(NOTE  Oxygen  will  explode  on  contact  with  oil  Acetylene  wi!i  explode 
"uncier  pressure  above  15  p.s.i.g  ) 

C      N^ver  use  dry  nitrogen  without  a  regulator 

(CAUTION   Nitrogen  cylinders  contain  pressures  in  excess  of  2000  p.s  i  ) 

D      Never  apply  intense  heat  to  a  pressurized  cylinder  or  system 

E      Refrigeration  systems  must  never  be  pressurized  over  150  p  s.i  g  during 
a  leak  test 

Dpt'.^rrMining  if  a  leak  exists 

A     Check  evaporator  temperature 

B      Check  suet, on  pressure 


INFORMATION  SHEET 


C.  Check  high  side  pressure 

(NOTE    Pressure  readings  alone  should  not  be  the  determining  factor  of 
a  refrigerant  shortage.) 

D.  Look  for  oil  spots 

E.  Look  for  obvious  line  breaks 

Steps  for  pressurizing  a  refrigeration  system  (Transparency  1) 

A.  Connect  gauge  set  to  system 

B*  Crack  service  valves 

C.  Attach  gauge  set  center  hose  to  nitrogen  regulator 

D  Tum  regulator  adjusting  screw  counterclockwise  (Transparency  2) 

(NOTE'  Be  careful  not  to  turn  the  regulator  adjustirig  screw  so  far  that 
It  comes  out  of  the  threaded  portion  of  the  regulator,) 

E.     Crack  the  nitrogen  cylinder  valve  one-quarter  of  a  turn 

F      Turn  regulator  adjusting  screw  clockwise  until  desired  pressure  is  obtained 

(NOTE    Generally  100  p.s.i  g.  is  sufficient  pressure  for  leak  testing,) 

G-    Open  the  Vdlve  on  the  high  side  of  the  gauge  manifold 

H     Allow  high  side  and  low  side  pressures  to  equalize 

(NOTE  The  low  side  gauge  manifold  valve  remains  closed  during  this 
operation  If  the  low  side  gauge  pressure  does  not  increase  this  could  indicate 
a  Dossible  restriction.) 


Pressurizing  a  Refrigeration  System 


Pressure  Relief 

73H 
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Diy  Nitrogen  Cylinder  and  Regulator 


TM  2 
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PRESSUR'ZING  AND  LFAK  TESTING 
UNIT  I 


lOB  SHEET  »1  LEAK  CHECK  USING  SOAP  BUBBLES 

I.    Tjois  and  mdteitdls 

A.     Refrigeration  gauge  set 
3.     Soap  bubble  solution 
C     Acid  brush  (;  an) 

D.  Refrigeration  ratchet 

E.  Cpen  end  wrench 

F      Refrigeration  system 
G.    Clean  shop  towel 
II  Procedu''e 

A     Connect  refrigeration  gauge  set  to  the  refrigeration  system 

^    Crack  service  va'ves 

C     Allow  the  pressures  to  equalize 

(NOTE'  If  there  is  not  positive  pressure  on  the  enfre  system,  do  not  apply 
the  soap  solutio^^  ) 

D.     L'-cate  areas  of  .^Lispected  leaks 

L      Apply  the  soap  soluuon 

F.  Look  for  d  bubble  that  would  mdicaie  a  leak  (Figure  1) 
FIGURE  1  ^ 


RerrK)v/e  soap  solution  after  checking 

(NOTE  If  the  scap  solution  is  left  on  th-^  JuL^nq  ,t  will  creatB  a  film  ;hat 
n-'c'iy  n^sult  m  o  c.orro"    .1  ) 

C'"'<  •■  with  instfiictur      t'off  continuhKj 
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PRESSURIZING  AND  LEAK  TESTING 
UNIT  I 


JOB  SHEET  ^2  LEAK  CHECK  USING  A  HALIDE  TORCH 

I  Tools  and  materials 

A  Refrigeration  gauge  set 

B  Halide  torcf) 

C  Striker 

D  Saioty  glasses 

E  'Refrigeration  ratchet 

F  Open  cfid  wrench 

G  Refrigeration  system 

II  Procedure 

A.  Connect  refrigeration  gauge  set  to  the  refrigeration  system 

B.  Crack  service  valves 

C  Aiiow  tiie  pressures  to  equalize 

(NOTE  There  should  be  approximately  50  p.s.i.g  or  more  of  pressure  on 
the  system  for  e^^ective  leak  checking  ) 

D     Locate  areas  o^  suspected  leaks 

L      Liuht  the  hahde  torch 


14  G 


JOB  SHr^T  ^-2 


F      hU)l(j  t\^  •  -M.fTt'f  hcst    )t  iht^  l  jrch  so  that  the  hand  will  trap  tfie  refrKj^rant 


u      W'.-'  snnft-"  h<jSf   sirnviv  undt'rnejtL  the  susfiected  leak  area 

4\oTr  !' itjfir  jt  jrtion  M'ff  ujrr cJMts  are  iieavtfr  than  air  and  wtl!  coliect 
'  M.j  M-v  lUi  ^'u^  ,  ^ifu  ')r  SLJS[)ected  arf;a  ) 

Ki  '    W  itrn  Ti>   euK  f  u*  t!if^  tmct'  fLinie  for  an  mdicatton  of  a  loak 

'frAUTK''".  Have  tnje{]tuite  VL^r^ti tiuf i  vvfn-n  iisirv)  the  [iiiiicie  tor(  fi  due 
\',  th'^  (le.itiMfi  o:  phi'.o.qtne  t]js  ) 

!        H,>,  r,t"  t-   int    itMf-  \';'Tli  t'le  sonp  Solution 

J       Re.  M)^'  '.u.ip  soJut.uM  aUef  chock  inq 
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PRESSURIZING  AND  LEAK  TESTING 
UNIT  I 


JOB  SHEET  #3 -LEAK  CHECK  USING  AN  ELECTRONIC  DETECTOR 

I.    Tools  and  materials 

A  Refrigeration  gauge  set 

B  Electronic  leak  detector 

C,  Refrigeration  ratchet 

D  Open  end  wrench 

^-  Refrigeration  system 
11  Procedure 

A.  Connect  refrigeration  gauge  set  to  the  refrigeration  system 

B,  Crack  s^^rvice  valves 

C  Allow  the  pressures  to  equalize 

0  Locate  areas  of  suspected  leaks 

E.  Turn  on  electronic  leak  detector 

7-  Allow  3  to  5  minutes  for  detector  to  warm  up 

(NOTE'  If  there  is  a  heavy  concentration  of  refrigerant  in  the  area,  do 
not  use  the  electronic  leak  detector  as  it  will  give  false  indications.  Also, 
a  heavy  concentration  of  refrigerant  will  damage  the  sensing  element.) 

G     Adjust  the  leak  detector 

(NOTE.  Have  the  instructor  demonstrate  the  proper  adjusting  procedure 
for  the  leak  detector  you  are  using.) 
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JOB  SHEET  ^3 
Hold  the  probe  underneath  the  suspected  leak  area  (Figure  1) 


FIGURE  1 


Watch  and/'or  listen  for  the  detector  to  indicate  a  refrigerant  {eak 
Rech'^^uk  the  leak  with  the  soap  solution 
RffTiove  the  sojp  solution  aftet  checking 
Ch^'Ck  With  the  instructor  before  continuing 


70  ' 


ACR  I  -  17-G 


PRESSURIZING  AND  LEmK  TESTING 


JOB  SHEET  ^?4--PRESSURIZE  SYSTEM 
WITH  DRY  NITROGEN  AND  LEAK  CHECK 


I     Tools  and  materials 

A     Refrigeration  gauge  set 

B      Dry  nitrogen  with  regulator 

C,  Refrigeration  ratchet 
D     Open  end  wrench 

E,  Refrigeration  system 

F,  Soap  solution 
il  Procedure 

A.    Connect  refrigeration  gauge  set  to  the  refrigeration  system 
B     Crack  service  valves 

C     Attach  gauge  set  center  hose  to  nitrogen  regulator 

D.  Turn  regulator  adjusting  screw  counterclockwise 

(NOTE'  Be  careful  not  to  turn  the  regulator  adjusting  screw  so  far  that 
II  comes  out  of  the  threaded  portion  of  the  regulator.) 

E     Crack  the  nitrogen  cyhnd^^r  valve  one-quarter  of  a  turn 

F      Turn  regulator  adjusting  screw  clockwise  until  desired  pressure  is  obtained 

(NOTE:  Generally  100  p  s.i.q,  is  sufficient  pressure  for  leak  testing.) 

G     Open  the  valve  on  the  high  side  of  the  gauge  manifold 

H.  Allow  high  side  and  low  side  pressures  to  equalize 

I,  Leak  check  the  system  with  a  soap  bubble  solution 

(NOTE-  A  haltde  torch  or  electronic  leak  detector  cannot  be  used  as  they^ 
Will  not  react  to  nitrogen.) 

J      Check  with  the  instructor  after  locating  the  leak 


ERLC 


ACR  I  -  19 G 


iJRESSUHlZiNG  AND  LtAK  TESTING 
■:.     I  -  -     'Tt'C^'  u£:\G  RbFRlGERANF  PLUS  NITROGEN 

B      ;t',h(-  t    ,     ci.-^u'cr  tle^trofiic  isak  detector 

r  ,   r..i  -  ,  .  n 

M'_;era'V   12  or  22 

,of''it'ct  f'^frint^rj.ion  yauqe  set  to  the  refrigeration  system 

/xt^ucn  cy^ndej  to  the  ceriter  hose  of  the  gauge  set 

'  'fy^fdnt  (.yiiRder  in  tne  u()ri^ht  position 

Or',     -'^t^     '-''J  on     •   ^"lyf^  stde  «.*f  ihe  qau^^e  rnj.^nifold 
? 

.J  '    r^'''  1-  J      fjrebou  ^'   \o  r-'qudiiz^-  at  50  p  S  <  q 

.  >^  •  iM r:r  '  v^y!  '  dfM  vaive 

.  ^     ^  jt-^d-'t  [i^>s(^  at  cylind'^r  \a've 

^   "? .       ^  ■       ?  '''^"^  J"'    to  eSCjO'-' 
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JOB  SHEFT  ^5 

N     Check  to  rtjijuidtc  ddjustinq  sufow  is  not  tuined  'n 

0     Crjrk  thf*  nitroqen  cyiincier  vdivo  one  quarter  of  a  tufn 
P      Piirqe  center  hose 

Q     Turn      tjulator  ami  adjusting  S(Tew  clockwise'  until  desired  pressure  is 
obtaineci 

MNOTF    Generally  100  p  s.i  y    is  sufficient  pressure  for  leak  testing) 
R     Op(^n  the  valve  on  the  high  side- of  the  gauge  manifold 

AHow  hujfi  side  and  low  <='.ide  pressures  to  equalize 
f      Lf.dk  clieck  the  system  with  a  halide  torch  and/or  an  electronic  leak  detector 
U     Check  With  the  instructof  after  locating  the  lea*- 


ERIC 


PRESSURIZING  AND  LEAK  TESTING 
UNIT  I 

TEST 

Define  terms  associated  with  pressurizing  and  leak  testing. 

a.  Regulator  ' 

b.  Acid  brush 

9 

c.  Dry  nitrogen 

List  five  safety  rules  for  pressurizing  a  refrigeration  system. 

a. 

b. 

c. 

d. 

e. 

Ltst  five  steps  for  determining  if  a  refrigerant  leak  exists. 

a. 

b. 

c. 

d. 

e. 
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Arrange  in  order  the  following  steps  by  placing  the  correct  sequence  number 
in  the  approprfate  blank. 

a.  Crack  the  nitrogen  cylinder  valve  one-quarter  of  a  turn 

b.  Open  the  valve  on  the  high  side  of  the  gauge  naanifold 
 _c.  Connect  gauge  set  to  system 

d    Turn  regulator  adjusting  screw  counterclockwise 

e.  Turn  regulator  adjusting  screw  clockwise  until  desired  pressure  is 
obtained 

,  f"   Attach  gauge -set  center  hose  to  nitrogaa  regulator 
g.  Allow  high  side  and  low  side  pressures  to  equ-hze 
h    Crack  service  valves 
Demonstrate  *he  ability  to 

a.  Leak  check  using  soap  bubbles. 

b.  Leak  check  using  a  halide  torch 

c      Leak  check  using  an  electronic  detector.  ' 

d      Pressurize  system  with  dry  nitrogen  and  leak  check. 

e      Leak  check  using  refrigerant  plus  nitrogen, 

^NOTE  If  those  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed  ) 
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PRESSURIZING  AriD  LEAK  TESTING 
U.MIT  I 


ANSWERS  TO  TEST 


1.  a.     Regulator  -Device  for  reducing  high  cylinder  pressure  to  a  low  working 

pressure 

b.  Acid  brush  -Small,  stiff  bristle  brush  which  is  often  used  for  applying  flux 
or  soap  bubbles 

c.  Dry  nitrogen-Oil  pumped  nitrogen  in  a  pressurized  cylinder,  used  for 
pressurizing  refrigeration  components  and  sweeping  the  system  while 
soldering  and  brazing 

2.  a.     Wear  safety  glasses 

b.  Never  use  oxygen  or  acetylene  to  pressurize  a  system 

c.  Never  use  dry  nitrogen  without  a  regulator 

d.  Never  apply  intense  heat  to  a  pressurized  cylinder  or  system 

e.  Refrigeration  systems  must  never  be  pressurized  over  150  p.s.i.g.  during 
a  leak  test 

3.  a.     Check  evaporator  temperature 

b.  Check  suction  pressure 

c.  Check  high  side  pressure 

d.  Look  for  oil  spots 

e  Look  for  obvious  line  breaks 

4.  a  5  e.  6 
b-  7  f,  3 
c.  1  g  8 
d  4'  h  2 

5        Performance  skills  evaluatec  to  the  satisfaction  of  the  instructor 
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CHARGING 
UNIT  11 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  match  terms  associated  with 
charging  to  the  correct  definitions,  list  safety  precautions,  and  list  advantages  and 
disadvantages  of  low  side  vapor  charging  He  should  also  be  able  to  select  the  advantages 
and  disadvantages  of  high  side  liquid  charging.  This  knowledge  will  be  evidenced  through 
demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to 

1  Match   terms   associated   with   charging   to   the   correct   definitions  or 
descriptions 

i 

2  List  safety  precautions  for  refrigerant  handling, 

3  List  two  aovantages  and  two  disadvantages  of  low  side  vapor  charging. 

4.  Select  the  advantages- and  disadvantages  of  high  side  liquid  charging. 

5.  Demonstrate  the  ability  to  ^ 
a      Vapor  charge, 

b      Liquid  charge 
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CHARGING 
UNIT  11 


SUGGESTED  ACTIVITIES 

1  Instructor. 

A.  Provide  student  with  objective  sheet, 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies. 

D.  DiscLSS  unit  and  specific  objectives. 

E.  Discuss  infornnation  sheet. 

F.  Dennonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Give  test. 
II.  Student 

A.  Read  objective  sheet 

B.  Study  infornnation  sheet 
C     Cor.    lete  job  sheets 

D     T^ke  test. 

INSTRUCTIONAL  MATERIALS 

I-    .Included  in  this  unit 
A     Objective  sheet 
B,     Information  sheet 
C     Transparency  masters 

1.  TM  1  -  Low  Side  Vapor  Charging 

2.  TM  2  High  Side  LiqiJid  Charging  at  the  Discharge  Service  Valve 
3        TM  3  High  Side  Liquid  Charging  at  the  King  Valve 
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D.    Job  sheets 

1      .Job  Sheet /#1 -Vapor  Charge 
'    Job  Sheet  #2"Ltquid  Charjge 


E.  Test 

F.  Answers  to  test 


II.  Reference  -Althouse,  Andrew  D.;  Turnquist,  Carl  H  ;  and  Bracciano,  Alfred  F 
Modern  Refngerapon  and  Air  Conditioning^  Homewood,  ^  lllir\ois 
Goodheart-WiUcox  and  Co.,  1975. 
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CHARGirvG 
UNIT  1. 


INFORMATION  SHEET 


Terms  and  defuntions  or  descriptions  \ 

\ 

A     UpMijht-  r^efriyerant  cylinder  is  standing  up  with  valve  on  top  and  vapDr 
IS  dispensed  trom  the  cylind'^^r 

B      Inverted  -  Refrigerant  cylif^der  is  turned  upside  down  with  valve  on  bottom 
awj  liquid  is  dispensed  from  the  cylinder 

C      H  ^e  purging  Releasing  some  refrigerant  to  the  ar  to  remove  contaminants 
t-    )]  the  gauqe  fioses 

D.  Stabilized- Condition  that  shows  a  constant  gauqe  reading 

li  Static  pressure  Pr^  :>sure  readings  of  a  system  when  it  is  not  running 

Sd'eLy  piecaut.ons  -or  refnqerant  handling 

A  Do  not  cirop  cylinders 

8  Oo  nc^t  refili  disposable  refrigerant  cylinders 

C  Co  nor  fiv^at  cylinders  witn  a  torch 

'J  Secure  cyiinci'iTs    n   j  inovinq  vehicle 

E  Do  fiot  Sf:)(dv  refriqerdfit  skin 

F  Do  roi  ,i]\\ri\r  -etf ifuvanl 

L.  Co  nrn  s{  ray  r^'UR^'^a^^i  into  open  fiame 

H  C  ^  fiot  ''^vx  re^'-'MTTants 

i  Rep^'-rp  (^;i'-/ier  car)  wlien  not  \n  usp  to  ofotect  valve 

J  Do  Noi  *Mf    or  «::ifrv  cylirKier  by  va:v^' 


!A]rOR^'^ATiOi\  ^MEFT 


Low  s.<l^  VciO'.    (hi'ij'ir,  <  Tr  jn  >p.^n^f 'C  V  1) 

1         FjS!-^:  ^ruMhwd  of  jfi  iinf]  refriq^^fafU  to     charged  system 

I  .  ;Mt(i        tjO'jr^t  ^dpnot  enter  sbct'un  side  of  the  compressor 

1  ijrnc.jos  •  ji  c'ddipy  ^jrg-  quantities  of  refrigerant 

fNjQTt:  v^'^ten  '.-ircje  qnantities  of  refrigerant  are  drawn  out  of 
J  I  /hfidM  Vv  rrt^ssurv.  .n  the  cvinHier  will  drop  beiov^/  the  system 
nrebs'jre  .mu  tr     '(dnsio--       refrigerant  V'\\\  stop.) 

;ii,n  di.j.M  urtbsi;re  isfi  o  t  comuiessor  c;il 

Hi()h  MOf  :,:\..     c  narq-nj  ; '>a; .^f^.jf (-ncies      anj'  3) 

1.      b':3dd\  un'aqe: 

!  S\slpn.  f^^i/  h;'vyt    t'?        ^u^'ru-j  o^f 

I'NOT"  !^  t['e  syUf^m  is  ecjuif ^^^'^^  wi-h  d  hnus  J  charging  valve 
1'      r  tfie  '^v'^'^^n'  ni3\  not  need  to  be  turned  ofi  ) 


Low  Side  Vapor  Chargi 


3) 


F  B 


A.  High  Pressure  Gauge 

B.  Compound  Gauge 

C.  Suction  Service  Valve 

D.  Discharge  Service  valve   F.  Metering  Device 

E.  King  Valve  G.  Compressor 
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High  Side  Liquid  Charging  at  the  Discharge  Service  Vah/e 


A.  High  Pressure  Gauge 

B.  Compound  Gauge 

C.  Suction  Service  Valve  ^ 

D.  Discharge  Service  Valve 

E.  King  Valve  F.  Metering  Device 


G.  Compressor 


> 

o 
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(a) 
(a) 
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High  Side  Liquid  Charging  at  the  King  Vah^e 


A.  High  Pressure  Gauge  ) 
6.  Compound  Gauge 

C.  Suction  Service  Valve 

D.  Discharge  Service  Valve 

E.  King  Valve  F.  Metering  Device 


G.  Compressor 


ACR  1  -  37-G 


CHARGING 
UNIT  II  ' 


JOB  SHEET  ^1--VAP0R  CHARGE 

I  Tools  and  materials 

A  Refrigeration  gauge  set 

B  Refrigeration  ratchet  ^> 

C.  Open  end  wrenches 

D  Safety  glasses 

E  Pressure-temperature  cfiarts 

F.  Refrigerant  scales 

G  Refrigeration  system  with  service  va'ves 

H  Refrigerant 

{  Shop  towei 

II  Procedure 

A  Connect  refrigeration  gauge  set  to  system 

B  Attach  center  hose  to  refrigerant  cylinder 

C  S^t  cyhnder  in  upright  position  on  scales 

'3  Ope.i  cylinder  valve 

F  Open  refriqpration  gauge  set  valves 

^  f^uu]e  refrigerant  hoses  at  service  valve  gauge  ports 

tCAUTlOfNJ  V^j\]en  [)urgincj  refriqerant  wear  safety  glasses  and  place  a  shop 
tovve!  around  thr  hosf-  fitting  to  pre\/ent  tne  refrigerant  from  ^^oraying  on 
/our      in  ) 

C^^      CInsp  refnopr.jtior^  qauge  set  valves 

Cfj'.'    sf^rvicp  va'vps 

!       R^^r ord  .A^eigf^t  of  rpfriqeran^  cyhncier 

J      Oo'^'H  high  sid»'  rpff igpration  gauge  set  valve 
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JOB  SHEET  ^1 

K     aMIuw  vj})or  to  eMitef  the  system  until  the  pressure  equalizes 
I      Close  liigh  side  reft igeratmn  gauge  set  valve 
M     Start  system 

N      Allow  sytjteni  to  run  for  the  pressu''es  to  stabihze 

(NOTE    If  the  system  is  equipped  with  a  low  pressure  safety  switch, 
may  have  to  be  jumpered  electrically  during  the  charging  orocess.  Check 
witti  instructor  before  jumpering  any  switches.) 

0.  Crack  knv  side  refrigeration  gauge  set  valve  allowing  refrigerant  to  enter 
tf>e  system 

P.  Allow  qauqe  pressure  reading  to  increase  20  lo  30  ps.i.g.  above  system 
pressure 

O  Usv  the  prt^ssure  temperature  chart  to  determine  approximate  pressure 

R  Arter  riipse  pressures  have  been  reached,  stop  charging 

S.  Allow  systpnn  to  run  for  pressures  to  stabihze 

T  Rectinck  pressures 

U  Add  more  reffiqe-ant  if  necessary 

V  Havf  iiistiuctCi  check 

VV  Bj(  }-   b"at  SL  rvice  valves' 

X  Clost    rt»f nqeratit  cylinder  valve 

Y  ^rii  cylindf  r  weiqht 

'i'  Orr  Cy'inder  weight  is  recorded  to  determine  the  amount  of  refrigerant 
til     h.is  dispensed  arid  to  determine  what  to  charge  the  customer  ) 

Z      rnf;r-         a'Tio'jf^t  of  lefriqf^rant  used 

AA   Pi'nj^    '^iu{^^  set  hoses 

BrS    Rt'f^^  'v'l    ^vij'is*  set  rjr^d  plug  hoses 

CC    R^n^'^i^^*'  'if'd  tiijht^Mi  d!i  valv^^  caps 

DD  Clean  up  j/'d  out  awdy  tools 

SI  ' 


ACR  I  39G 


CHARGING 
UNIT  II 


JOB  SHEET  Ji2- LIQUID  CHARGE 


Tools  jprj  fTidtenals 

A  Refrigeration  gauge  set 

B  Refrigeration  ratchet 

C  Ooen  end  wrenches 

D  Satety  gidsses 

c  Spop  towe! 

r  RefrKjerarU  bcateb 

C:  Refrigeration  system  with  service  valves 

H  Re'Tigerant 
Procedtire 

A  Connect  refrigeration  gauge  set  to  system 

3  Attach  center  hose  to  refrigerant  Cylinder 

C  Set  cylir-der  in  upright  position  on  scales 

0  Oppp  cviindfn  val\/?  " 

t  Op.  p  refrigeration  gauge  set  valves  ^ 

f-      Pur,]«^  refrigerant  hoses  at  service  valve  gauge  ports 

CAUTION    When  piirging  refrigerant  wear  safety  glasses  and  use  a  cloth 
j'ound  the  nose  fitting  to  p-'^vent  the  refrigerant  from  spraying  on  your 

5k»n  ^ 

0  Cir^,^  letr "jpration  (jduge  set  valves 
r '      L'    k  5--rvi'':e  valv*: > 

1  F     ;ro  wHigfVL  of  refrigerant  cy'inder 
J       inv'^M  rrfrjn^if'in^  cylinder 

K     OP'^n  hujh  sirjf'  rf^f r iqeration  gauge  set  valve 
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JOB  SHtET  ^2 

L      Aiiov  hciii'n  frfnuerdn^  to  enter  ihp  system 
M     Watrfi  the  rt  f;  Kjorarit  scales 

N  '   CAo^p  cjduqe  sot  valve  when  destred  afripiint  of  refrigerant  has  erttered  the 
sv^steni 

O     Start  bVstt'nV 

P      Run  system  for  th^^  pressures  to  stabilize 

0     Cht^ck  for  the  following  indications  that  additional  refrigerant  is  needed 

1         Bubl)i^^s  in  liquid  indicator  (^qht  glass) 

?         Low  pressure  readings 

3         F'osi  hne  on  evaporator 
R      Additioncji  rernqerant  will  have  to  he  .added  ir^.  tliP  vapor  state 

iXOlE    Vdpor  chdfqing  er^^a  in  Job  Sheet  ^1  ) 

5       RtTOfd  cyimde!  vv^Miht 
T      Hrt.'*'  in^^rLlCtor  check 

(hr  jnK)U'^t  of  rptrhU'fdnt  used 
V      B.ick  St  lit  servic"'  v.iives 

;\      ^i.r;)t  hob*>s  of  ff3frtqerdnt  by  upeninq  the  manifold  valves  and  ahoyvin^  the 
rr'fnu-'rant  to  d'scfiarqe  tfirouqh  center  hose 

'  \()T  F    0'>  systenis  usi'-  '  access  core  ty[)e  valves  the  hoses  cannot  he  [)i;rq^'d 
f  "Inqf^rant  p(  lor  to  fenovtncj  X^i  m  ) 

\      F^r?^vyt'  qdiiLif  M^t  drul  piliq  hnses 

^^>'[Mar,t'  d^^d  '  )^>ten  all  valve  caps 

7      CnMf-  up  dnd  Luit  JWtjy  to,,,^ 
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CHARGING 
UNIT  II 


"EST 


1.       Match  the  terms  on  the  right  to  the  correct  definitions  or  descriptions. 

1,,    Hose  purging 
2      Static  pressure 


a.  Refrigerant  cylinder  is  turned  upside 
down  with  valve  on  bottonn  and  liqui.d 
IS  dispensed  fronn  the  cylinder 


3. 
4. 
5 


r 


Upright 

Stabilized 

Inverted 


b.  Condition  that  shows  a  constant  gauge 
reading 

c  Releasing  sonne'  refrigerant  ^o  the  air  to 
remove  contaminants  from  the  gauge 
hoses 

d  Pressure  readings  of  a  system  when  't  is 
not  running 

e.  Refrigerant  cylinder  is  standing  up  with 
valve  on  top  and  vapor  is  dispensed  from 
the  cylinder 

ist  eight  safety  precautions  for  refrigerant  handling 

a 
b 
c. 
d 

e  -  -  ^ 

f 

q 

h  •    '  * 

List  two  advantages  and  two  disadvantati^s  of  low  side  vapor  chaijing. 
a      Advantages  • 

2) 
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b.  Disadvantages 
1) 

2)  ■  . 

Select  the  advantages  and  disadvantages  of  high  side  liquid  charging  by  placing 
an  "X"  by  the  advantages  and  an  "0"  by  the  disadvantages.  ^ 

 a  Fast 

b.  Slow 

 c.  System  must  be  running 

d.  Easy  to  overcharge 

 e    Impossible  to  overcharge 

f    System  may  have  to  be  turned  off  v 
Demonstrate  the  ability  to: 

a.  Vapor  charge. 

b.  Liquid  charge. 

(NOTE'  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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CHARGING 


ANSWERS  TO  TEST 


b.  4 

c  1 

d,  ? 

G  3 

2         Any  eight  of  the  following 

J  Do  not  drop  cyhnders 

b  Do  not  refill  disposable  refrigerant  cylinders 

c  Do  not  heat  cylinders  with  a  torch 

d  Secure  cylindeis  ;n  a  moving  venicle 


Do  not  mix  refrigerants 

Repidce  cyli         ca;^  when  not  in  use  to  protect  valve 
Do  not  hU  or  carry  cyhndor  by  valve 
vSecLi^e  iarne  cylinders  K)  waP  or  bench 
Hdv^;  atierjudte  ventilation 

Rp-^tove  \,alve  or  puncture  cylindtr  when  discarding  disposMh!»'  rt'tr'Cj'Hant 


Do  not  spray  refrigerant  on  skin 


Do  not  mhale  refrigerant 


not  spray  lefngerant  irito  oper^  f lame 


3 


Advantages 


Easiest  method  of  adding  re^^qerant  to  a    -idigrfi  sy^tPin 


liquid     ^ffigerant  cannot  enter  suction  sMp  of  the  c(/fnp^v  .^^-r 


8j 
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b      Disadvaiitdges  , 

i)  Sk)w  {)roc\'ss  lor  adcliru)  Idrge  (luafnitie.  of  refrigerant 

7)  fiiqh  (JriMi  [)rpssuip  could  wasf)  out  comfi.joour  oii 

4  J  X 

vi  C 

f  0 

5  Pr!k)..'unr-  -ikill:,  (^vjiuatt^d  to  the  satisfaction  of  the  instfuctor 
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PROGRESS  CHART 

Refrigerant  System  Servicing 


Date 


Air  Conditioning 
and  Refrigeration 

Section  G 


V 


Names                   /^/  /^/^/  /^/^/  /<C/^/  AW  A/  /^/  /  //  //  //  //  //  //  //  //  //  / 

1 

2 

3 

A 

b 

1 

6 

7 

8 

9 

10 

11 

12 

1 

13 

14 

1 

15 

I  . 

i 

1 

1 

16 

J'/  

1 

f 

I 

! 

r 

1 

18 
19 

t 

1 

1 

20 

I 

i 

b2i 


Air  Conditioning 
and  Refrigeration 

Section  G 


N^mes 


3 
4 

5 

7 
8 

i 

i  10 

,  1 1 

'  1 : 
'  ]  < 
1  \ 
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PROGRESS  CHART 

Refrigerant  System  Servicing 


Date 
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